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(57) An exposure apparatus emits exposure light on- 
to a substrate (P) via a projection optical system (PL) to 
expose the substrate (P). The projection optical system 
(PL) includes a first optical element (LS1) closest to an 
image plane of the projection optical system (PL) and a 
second optical element (LS2) closest to the image plane 
next to the first optical element (LSI). The exposure ap- 



paratus is disposed at a position higher than a tower sur- 
face (T3) of the second optical element (LS2) and in- 
cludes a second collection port (42) that recovers a sec- 
ond liquid (LQ2) held in a second space (K2) between 
an upper surface (T2) of the first optical element (LSI) 
and the lower surface (T3) of the second optical element 
(LS2). 
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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to an exposure 
apparatus for exposing a substrate and a oevlce manu- 
facturing nnethod. 

[0002] Priority is claimed on Japanese Patent Applica- 
tion No. 2004-349730, filed on December 2, 2004, and 
Japanese Patent Application No. 2005-173339, filed on 
June 14, 2005, the contents of which are incorporated 
herein by reference. 

BACKGROUND ART 

[0003] In the photolithography process which is one 
manufacturing process for micro devices, such as sem- 
iconductor devices and liquid crystal display devices, an 
exposure apparatus is used which exposes a pattern 
formed on a mask onto a photosensitive substrate. This 
exposure apparatus has a mask stage for supporting the 
mask and a substrate stage for supporting the substrate, 
and projection-exposes a pattern of the mask onto the 
substrate via a projection optical system while sequen- 
tially moving the mask stage and the substrate stage. In 
the manufacture of a micro device, in order to increase 
the density of the device, it is necessary to make the 
pattern fomned on the substrate fine. In order to address 
this necessity, even higher resolution of the exposure 
apparatus is desired. As one means for 'ealizing this 
higher resolution of the exposure apparatus, there is pro- 
posed a liquid immersion exposure apparatus as dis- 
closed In the following Patent Document, In which liquid 
Is filled In an optical path space of the exposure light, and 
the substrate is exposed via the liquid. 
[Patent Document 1] PCT International Patent Publica- 
tion No. WO 99/49504 

DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0004] In the immersion exposure apparatus disclosed 
In the above-described Patent Document 1, an immer- 
sion region to which liquid is supplied Is fon^ied between 
the optical element that is closest to the image plane of 
the projection optical system (hereinafter, tne optical el- 
ement closest to the image plane of the projection optical 
system is referred to as the "first optical element" as ap- 
propriate) from among a plurality of optical elements con- 
stituting the projection optical system and the surface of 
the substrate. In this case, for example, if inrpurities gen- 
erated from the substrate are mixed into the liquid in the 
immersion region and the liquid of the Immersion region 
is contaminated, then the first optical element may be 
contaminated due to the contaminated liquid in the im- 
mersion region. If the first optical element is contaminat- 
ed, problems such as a decrease in the light transmit- 



tance of the first optical element and distribution in the 
light transmittance occur, thus degrading the exposure 
accuracy via the projection optical system. To overcome 
these problems, a structure in which the contaminated 

5 first optical element is replaced with, for example, a new 
one (clean one) is conceivable. On the other hand, in 
order to increase the image-side numerical aperture of 
the projection optical system, It is necessary to increase 
the effective diameter of the first optical element, which 

10 inevitably increases the size of the first optical element. 
To frequently replace such a large-scale first optical el- 
ement with a new one Is difficult and decreases the work- 
ing efficiency. Furthenmore, if the first optical element has 
refractive power (lens power), to frequently replace the 

15 first optical element having such refractive power is not 
preferable in terms of maintaining the imaging perfonn- 
ance of the projection optical system. For this reason, 
design of an exposure apparatus which is constructed 
so as to allow exposure light to satisfactorily reach a sub- 

20 strate disposed at adjacent to the image-plane side of 
the projection optical system without having to frequently 
replacing the large first optical element having refractive 
power is demanded. Furthemnore, to satisfactorily make 
exposure light reach the substrate, foreign sulsstances, 

25 such as bubbles, need to be prevented from entering the 
liquid of the immersion region. 

[0005] In addition, in order to perfonn immersion ex- 
posure processing smoothly and very accurately, it is im- 
portant to hold the liquid In a desired region successfully 

30 and to prevent the liquid from leaking into or scattering 
over regions other than the desired region. As a result of 
leakage or scattering of the liquid, for example, the leak- 
ing liquid may attach to a device constituting the exposure 
apparatus, thus possibly causing the device to malfunc- 

35 tlon or to be damaged. Furthermore, if the device is a 
measuring instrument for optically measuring, for exam- 
pie, the position of the substrate, the measurement ac- 
curacy of the measuring instrument may be degraded 
due to the leaking liquid. If such a device malfunctions 

40 or its measurement accuracy is degraded, the exposure 
accuracy of the exposure apparatus is also degraded. 
[0006] Furthermore, in the immersion exposure appa- 
ratus, where supplying the iiquld to the optical path space 
and discharging (recovering) the liquid from the optical 

45 path space are performed to fill the optical path space 
with liquid, it is important to smoothly supply and dis- 
charge the liquid in order to keep the liquid in the optical 
path space and various members that are in contact with 
the liquid clean. 

50 [0007] The present invention has been conceived in 
light of the above-described circumstances, and an ob- 
ject thereof is to provide an exposure apparatus that can 
prevent the exposure accuracy from decreasing due to, 
for example, contamination of an optical element, foreign 

55 substances (bubbles) existing in liquid, or leakage of the 
liquid and to provide a device manufacturing method us- 
ing such an exposure apparatus. 
[0008] Another object of the present invention is to pro- 
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vide an exposure apparatus that can smoothly perform 
supplying and discharging of the liquid in an optical path 
space to expose a substrate with high accuracy and a 
device manufacturing method using such an exposure 
apparatus. 

MEANS FOR SOLVING THE PROBLEM 

[0009] According to a first aspect of the present inven- 
tion, an exposure apparatus for emitting exposure light 
onto a substrate via a projection optical system to expose 
the substrate is provided. In the exposure apparatus, the 
projection optical system includes a first optical element 
which is closestto an image plane of the projection optical 
system and a second optical element which is closestto 
the image plane next to the first optical element, and the 
exposure apparatus includes a collection port which is 
provided at a position higher than a lower surface of the 
second optical element and which recovers a liquid held 
in a space between an upper surface of the first optical 
element and the lower surface of the second optical el- 
ement. 

[0010] According to the first aspect of the present in- 
vention, even if bubbles (air portion) exist In the liquid 
held between the upper surf ace of the first optical element 
and the lower surface of the second optical element, the 
bubbles move upward due to the difference in specific 
gravity betweenthe bubbles and the liquid, andtherefore, 
the collection port provided at a position higher than the 
lower surface of the second optical element can smoothly 
collect the bubbles. Therefore, in a state where bubbles 
in the liquid are removed, exposure processing via the 
liquid can be perfonned satisfactorily. Furthemnore, the 
collection port can smoothly collect not only bubbles but 
also foreign substances having smaller specific gravity 
than the liquid. 

[0011] According to a second aspect of the present 
invention, an exposure apparatus for emitting exposure 
light onto a substrate via a projection optical system to 
expose the substrate is provided. In the exposure appa- 
ratus, the projection optical system includes a first optical 
element which is closest to an image plane of the pro- 
jection optical system and a second optical element 
which is closest to the image plane next to the first optical 
element, the exposure apparatus includes a nozzle mem- 
ber which is disposed In an annular shape so as to en- 
close the second optical element and which has at least 
one of a liquid supply outlet and a liquid collection port 
that forms an immersion region of liquid between the first 
optical element and the second optical element, and the 
nozzle member includes a holding portion that holds the 
first optical element by vacuum attraction. 
[0012] According to the second aspect of the present 
invention, since the first optical element is held by vacu- 
um attraction by the holding portion provided in the nozzle 
member, the first optical element can be easily attached/ 
detached (replaced) with respect to the nozzle member. 
Therefore, even if the first optical element is contaminat- 



ed, the contaminated first optical element can be re- 
placed with a new one (clean one) smoothly with high 
workability. Furthermore, since the holding portion is pro- 
vided in the nozzle member that forms an immersion re- 

5 gion of liquid between the first optical element and the 
second optical element, the number of components in 
the apparatus can be reduced, the apparatus can be 
made simple (small), and the cost of the apparatus can 
be reduced compared with a structure where a vacuum- 

10 attraction portion Is provided separately from the nozzle 
member. 

[0013] According to a third aspect of the present in- 
vention, an exposure apparatus for emitting exposure 
light onto a substrate via a projection optical system to 

15 expose the substrate is provided. In the exposure appa- 
ratus, the projection optical system includes a first optical 
element which is closest to an Image plane of the pro- 
jection optical system and a second optical element 
which is closest to the image plane next to the first optical 

20 element, andthe exposure apparatus includes an immer- 
sion mechanism thatfomns an immersion region of a liq- 
uid in a space between the first optical element and the 
second optical element; and a detector that detects 
whether the liquid has leaked from the space. 

25 [001 4] According to the third aspect of the present in- 
vention, since the detector for detecting whether the liq- 
uid has leaked from the space between the first optical 
element and the second optical element is provided, an 
appropriate measure for preventing the spread of dam- 

30 age due to the leaking liquid can be taken quickly when 
the detector detects liquid. Therefore, undesired device 
malfunctions and degradation in exposure accuracy and 
measurement accuracy can be prevented from occur- 
ring. 

35 [001 5] According to a fourth aspect of the present in- 
vention, an exposure apparatus for emitting exposure 
light onto a substrate via a projection optical system to 
expose the substrate is provided. The exposure appara- 
tus includes an immersion mechanism that forms an im- 

40 mersion region of a liquid on an upper surface of a pre- 
detennined optical element from among a plurality of op- 
tical elements constituting the projection optical system, 
wherein adischarge outlet that discharges the liquid from 
the immersion region is provided in a supporting member 

45 holding the predetennined optical element. 

[0016] According to the fourth aspect of the present 
invention, when the first optical element held by the sup- 
porting member is to be replaced with a new one (clean 
one), unwanted leakage or scattering of the liquid during 

50 the replacement of the optical element can be prevented 
from occurring by releasing the holding of the first optical 
element by the supporting member after the liquid in the 
immersion region formed on the upper surface of the op- 
tical element has been discharged from the discharge 

55 outlet. Therefore, undesired device malfunctions and 
degradation in exposure accuracy and measurement ac- 
curacy resulting from scattering liquid can be prevented 
from occurring. 
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[001 7] According to a fifth aspect of tlie present inven- 
tion, an exposure apparatus for emitting exposure light 
onto a substrate via a first optical element to expose the 
substrate is provided. The exposure apparatus includes 
a supply outlet that supplies a liquid to an upper surface b 
side of the first optical element such that a predetermined 
region on the upper surface of the first optical element 
forms an immersion region, the exposure light passing 
through the predetermined region; and a frame member 
which has a support portion that supports an outer cir- io 
cumferential portion of the first optical element and en- 
closes the first optical element, wherein the liquid sup- 
plied to the upper surface side of the first optical element 
is discharged from between the first optical element and 
the frame member. '5 
[0018] According to the fifth aspect of the present in- 
vention, the predetermined region on the upper surface 
of the first optica) element can become an immersion 
region with the liquid supplied from the supply outlet. Fur- 
thermore, since the liquid supplied to the upper surface 20 
side of the first optica! element is discharged from be- 
tween the first optical element and the frame member, 
the liquid can be discharged smoothly. Therefore, the 
liquid in the optical path space and various members in 
contact with the liquid can be placed in a desired state, 25 
and the substrate can be exposed with high accuracy. 
[0019] According to a sixth aspect of the present in- 
vention, a device manufacturing method using the expo- 
sure apparatuses of the above-described aspects is pro- 
vided. 30 
[0020] According to the sixth aspect of tne present in- 
vention, a device can be manufactured using an expo- 
sure apparatus that can expose a substrate with high 
accuracy. 

35 

Advantages 

EFFECTS OF THE INVENTION 

[0021] According to the present invention, the expo- 40 
sure accuracy can be prevented from decreasing due to, 
for example, contamination of an optical element, foreign 
substances (bubbles) existing in liquid, or leakage of the 
liquid, and a device having desired performance can be 
provided. 45 
[0022] Furthermore, according to the present inven- 
tion, the substrate can be exposed with high accuracy 
and a device having desired performance can be man- 
ufactured. 

50 

Brief Description of the Drawings 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 55 

FIG. 1 is a schematic block diagram showing an ex- 
posure apparatus according to a first embodiment. 



FIG. 2 is an enlarged cross-sectional view of the main 
part of an exposure apparatus. 
FIG. 3A is an enlarged view of a second nozzle mem- 
ber. 

FIG. SB is an enlarged view of a second nozzle mem- 
be r. 

FIG. 4 is a diagram showing one example of a second 
nozzle member, 

FIG. 5 is a diagram showing a modification of a sec- 
ond nozzle member. 

FIG. 6 is a plan top view of a second nozzle member 
FIG. 7 is a diagram for illustrating a recess portion 
provided on the upper surface of a second nozzle 
member. 

FIG. 8 is a diagram for illustrating the detecting prin- 
ciple of a detector. 

FIG. 9 is a diagram for illustrating the detection prin- 
ciple of a detector. 

FIG. 10 is a diagram for illustrating a collection port 

of a second nozzle member. 

FIG. 11 Is a diagram showing a modification of a 

collection port of a second nozzle member. 

FIG. 12 is a diagram showing a modification of a 

collection port of a second nozzle member. 

FIG. 13 is a diagram showing a modification of a 

collection port of a second nozzle member. 

FIG. 14 is a diagram showing a modification of a 

collection port of a second nozzle member. 

FIG 15 is a diagram for illustrating the liquid recovery 

operation of an exposure apparatus according to a 

second embodiment. 

FIG. 16 is a diagram for illustrating another embod- 
iment of a liquid recovery operation. 
FIG. 1 7 Is a diagram for illustrating another embod- 
iment of a liquid recovery operation. 
FIG. 18 is a schematic diagram showing an exposure 
apparatus according to a third embodiment. 
FIG, 1 9 is a schematic block diagram showing an 
exposure apparatus according to a first embodiment. 
FIG 20 is an enlarged cross-sectional view of the 
main part for illustrating a second immersion mech- 
anism. 

FIG. 21 Is an enlarged cross-sectional view of the 
main part for illustrating a first immersion mecha- 
nism. 

FIG. 22 is a schematic diagram for illustrating one 
embodiment of a first optical element and a second 
nozzle member. 

FIG. 23A is a diagram showing a second nozzle 

member which supports a first optica! element and 
is a top view thereof 

FIG 23B is adiagram showing asecond nozzle mem- 
ber which supports a first optical element and is a 
bottom view thereof. 

FIG. 24 is a bottom view of a projection optical sys- 
tem, 

FIG. 25 is a cross-sectional perspective view for il- 
lustrating a second nozzle member. 
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FIG. 26 is an enlarged cross-sectionai view of the 
nnain part for illustrating a second nozzle member. 
FIG. 27 is an enlarged cross-sectional view of the 
main part for illustrating a second nozzle member. 
FIG. 28 is an enlarged cross-sectional view of the 
main part for illustrating a second nozzle member. 
FIG. 29 is a schematic diagram for l^ustrating the 
operation of a second immersion mechanism. 
FIG. 30 is a schematic diagram for illustrating the 
operation of a second immersion mechanism. 
FIG. 31 is a schematic diagram for iNustrating the 
operation of a second immersion mechanism. 
FIG. 32 is a schematic diagram for illustrating the 
operation of a second Immersion mechanism. 
FIG. 33 is a schematic diagram for Illustrating anoth- 
er embodiment of a first optical element and a second 
nozzle member. 

FiG. 34 is a schematic diagram for illustrating anoth- 
erembodiment of afirst optical element and a second 
nozzle member. 

FIG. 35 is a schematic diagram for illustrating anoth- 
er embodiment of afirst optical element and a second 
nozzle member. 

FIG. 36 is a schematic diagram for illustrating anoth- 
er embodiment of afirst optical element and a second 
nozzle member. 

FIG. 37 is an enlarged cross-sectional view of the 
main part showing another embodiment of an expo- 
sure apparatus. 

FIG, 38 is a flowchart for illustrating one example of 
a manufacturing process of a micro-device. 

DESCRIPTION OF THE REFERENCE SYMBOLS 

[0024] 1... FIRST IMMERSION MECHANISM, 2... 
SECOND IMMERSION MECHANISM, 10... FiRST LIQ- 
UID SUPPLY MECHANISM, 12... FIRSTSUPPLY OUT- 
LET, 20... FIRST LIQUID RECOVERY MECHANISM, 
22... FIRST COLLECTION PORT, 30 ... SECOND LIQ- 
UID SUPPLY MECHANISM, 32... SECOND SUPPLY 
OUTLET, 40... SECOND LIQUID RECOVERY MECHA- 
NISM, 42... SECOND COLLECTION PORT, 60... SUP- 
PORTING MEMBER, 63... SEALING MiEMBER, 64... 
SEALING MEMBER, 65... THROUGH-HOLE (HOLE), 
65'... GAS PORT, 71... FIRST NOZZLE MEMBER, 72... 
SECOND NOZZLE MEMBER, 72K... LOWER SUR- 
FACE, 72J... UPPER SURFACE, 74... DETECTOR (OP- 
TICAL FIBER), 75... RECESS PORTION, 76... SEALING 
MEMBER, 90... GAS SUPPLY SYSTEM, 100... HOLD- 
ING PORTION, EL... EXPOSURE LIGHT, EX... EXPO- 
SURE APPARATUS, F2... FLANGE SURFACE, K1... 
FIRST SPACE, K2... SECOND SPACE, LQ... LIQUID, 
LQ1... FIRST LIQUID, LQ2... SECOND LIQUID, LR1... 
FIRST IMMERSION REGION. LR2... SECOND IMMER- 
SION REGION, LSI... FIRST OPTICAL ELEMENT, 
LS2... SECOND OPTICAL, ELEMENT, LT1... SIDE 
SURFACE OF FIRST OPTICAL ELEMENT, LT2... SIDE 
SURFACE OF SECOND OPTICAL ELEMENT, P... 



SUBSTRATE, PL... PROJECTION OPTICAL SYSTEM, 
201... FIRST IMMERSION MECHANISM, 202... SEC- 
OND IMMERSION MECHANISM. 212... SUPPLY OUT- 
LET, 222... COLLECTION PORT, 232... SUPPLY OUT- 

5 LET, 242... COLLECTION PORT, 251 ... SUCTION AP- 
PARATUS, 252... DISCHARGE OUTLET, 255... COL- 
LECTION MEMBER, 271... FIRST NOZZLE MEMBER, 
272... SECOND NOZZLE MEMBER (FRAME MEM- 
BER), 278A... CUT PORTION, 278B... CUT PORTION. 

10 280... SUPPORT PORTION 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0025] Embodiments according to the present inven- 
ts tion will now be described with reference to the drawings. 
However, the present invention is not limited to those 
embodiments. 

<First Embodiment> 

[0026] FIG. 1 is a schematic blocl< diagram showing 
an exposure apparatus EX according to a first embodi- 
ment. In FIG. 1 , the exposure apparatus EX includes a 
mask stage MST which is movable while holding a mask 
M; a substrate stage PST including a substrate holder 
PH for holding a substrate P; an illumination optical sys- 
tem I L for illuminating the mask M held on the mask stage 
MST with exposure light EL; a projection optical system 
PL for projection-exposing a pattern image of the mask 
M illuminated with the exposure light EL onto the sub- 
strate P held on the substrate stage PST; and a control 
apparatus CONT for comprehensively controlling the op- 
eration of the entire exposure apparatus EX. 
[0027] The exposure apparatus EX of the present em- 
bodiment Is an immersion exposure apparatus applica- 
ble to an immersion method for substantially shortening 
the exposure wavelength and improving the resolution, 
and also substantially expanding the depth of focus. The 
exposure apparatus EX includes a first Immersion mech- 
anism 1 for filling a first liquid LQ1 into a first space K1, 
which is an optical path space of the exposure light EL, 
between the substrate P and a first optical element LSI 
which is disposed closest to the image plane of the pro- 
jection optical system PL from among a plurality of optical 
elements LSI to LS7 constituting the projection optical 
system PL. The substrate P is disposed adjacent to an 
image-plane side of the projection optical system PL, and 
a lower surface T1 of the first optical element LSI op- 
poses a surface of the substrate P. Above the substrate 
P (the substrate stage PST), the first immersion mecha- 
nism 1 includes an annular first nozzle member 71 which 
is provided so as to enclose a side surface of the first 
optical element LSI; afirst liquid supply mechanism 10 
for supplying the first liquid LQ1 to the first space K1 
between the lower surface T1 of the first optical element 
LSI and the substrate P via a supply outlet 12 provided 
on the first nozzle member 71 ; and a first liquid recovery 
mechanism 20 for recovering the first liquid LQ1 in the 



20 



25 



30 



35 



40 



45 



50 



55 



5 



9 



EP 1 843 384 A1 



10 



first space K1 via a collection port 22 provided on the first 
nozzle member 71 . The operation of the first immersion 
mechanism 1 is controlled by the control apparatus 
CONT. 

[0028] Furthermore, the exposure apparatus EX In- 
cludes a second immersion mechanism 2 f orfilling a sec- 
ond liquid LQ2 into a second space K2, which is an optical 
path space of the exposure light EL, between the first 
optical element LSI and the second optical element LS2 
which is disposed closest to the image plane of the pro- 
jection optical system PL next to the first optical element 
LS1 . The second optical element LS2 is disposed above 
the first optical element LSI , and an upper surface T2 of 
the first optical element LSI is disposed so as to oppose 
a lower surface T3 of the second optical element LS2. 
Above the first optical element LSI , the second immer- 
sion mechanism 2 includes an annular second nozzle 
member 72 which is disposed so as to enclose a side 
surface of the second optical element LS2; a second liq- 
uid supply mechanism 30 for supplying the second liquid 
LQ2 to the second space K2 between the lower surface 
T3 of the second optical element LS2 and the upper sur- 
face T2 of the first optical element LSI via a supply outlet 
32 provided on the second nozzle memioer 72; and a 
second liquid recovery mechanism 40 for 'ecovering the 
second liquid LQ2 of the second space K2 via a collection 
port 42 provided on the second nozzle member 72. The 
operation of the second immersion mechanism 2 is con- 
trolled by the control apparatus CONT. 
[0029] In this embodiment, the first space K1 between 
the first optical element LS1 and the substrate P is inde- 
pendent of the second space K2 between the first optical 
element LSI and the second optical element LS2. The 
control apparatus CONT can perform supply operation 
and recovery operation of the first liquid LQ1 with respect 
to the first space K1 by the first immersion mechanism 1 
and supply operation and recovery operation of the sec- 
ond liquid LQ2 with respect to the second space K2 by 
the second immersion mechanism 2 Independently of 
each other, and comings or goings of the liquids (LQ1 
and LQ2) from one of the first space K1 and the second 
space K2 to the other do not occur. 
[0030] At least while a pattern image of the mask M is 
being transferred onto the substrate P, the exposure ap- 
paratus EX fonns a first immersion region LR1 by filling 
the first liquid LQ1 between the first optical element LS1 
and the substrate P disposed adjacent to the image- 
plane side using the first immersion mechanism 1 and 
forms a second immersion region LR2 by filling the sec- 
ond liquid LQ2 between the first optical element LS1 and 
the second optical element LS2 using the second immer- 
sion mechanism 2, In this embodiment, the exposure ap- 
paratus EX adopts a local liquid immersion method for 
locally fonning the first immersion region LR1 which is 
greater than a projection region AR1 and smaller than 
the substrate P in a region of one part of the substrate P 
which includesthe projection region AR1 of the projection 
optical system PL In addition, in this embodiment, the 



exposure apparatus EX forms the second immersion re- 
gion LR2 of the second liquid LQ2 in a region that includes 
a region AR2 through which the exposure light EL passes 
on the upper surface T2 of the first optical element LSI . 

5 In other words, the first immersion mechanism 201 sup- 
plies a liquid LQ to the surface of the substrate P from 
the supply outlet 12 of the first nozzle member 71 such 
that the projection region AR1 that is irradiated with the 
exposure light EL on the surface of the substrate Pfomns 

^0 the first immersion region LR1 . Furthermore, in this em- 
bodiment, the exposure apparatus EX fomis the second 
immersion region LR2 of the liquid LQ in a region that 
includes the predetemnined region AR2 through which 
the exposure light EL passes on the upper surface T2 of 

15 the first optical element LSI . In other words, the second 
immersion mechanism 2 supplies the liquid LQ to the 
upper surface T2 of the first optical element LSI from the 
supply outlet 32 of the second nozzle member 72 such 
that the predetemnined region AR2 through which the 

20 exposure light EL passes on the upper surface T2 of the 
first optical element LSI fomis the second immersion 
region LR2. The exposure apparatus EX projection-ex- 
poses a pattem of the mask M onto the substrate P via 
the projection optical system PL including the first and 

25 second optical elements LSI and LS2, the second liquid 
LQ2 in the second immersion region LR2, and the first 
liquid LQ1 in the first immersion region LR1 by in^adiating 
the substrate P with the exposu re light EL that has passed 
through the mask M. 

30 [0031] In this embodiment, the first immersion region 
LR1 is described as being fonned on the substrate P in 
some cases. However, the first immersion region LR1 
can also be fomied on an object disposed at a position 
facing the first optical element LSI adjacent to the image- 
rs plane side of the projection optical system PL, for exam- 
ple, on the upper surface of the substrate stage PST. 
[0032] The present embodiment is described by way 
of an example where a scanning type exposure appara- 
tus (a so called scanning stepper) which exposes the 

40 pattern formed on the mask M onto the substrate P while 
the mask M and the substrate P are simultaneously 
moved in a scanning direction is used as the exposure 
apparatus EX. In the following description, the synchro- 
nous movement direction (the scanning direction) of the 

45 mask M and the substrate P in a horizontal plane is made 
the X axis direction, the direction perpendicular to the X 
axis direction in a horizontal plane is made the Y axis 
direction (the non-scanning direction), and the direction 
that is perpendicular to the X axis and Y axis directions 

50 that coincides with an optical axis AX of the projection 
optical system PL is made the Z axis direction. Further- 
more, rotation (inclination) directions about the X axis, 
the Y axis, and the Z axis are made the 6X, the OY and 
the ez directions respectively. The "substrate" includes 

55 a sensitive material (photoresist) which is coated on a 
base material of a semiconductor wafer or the like, and 
the "mask" includes a reticle formed with a device pattern 
which is size reduction projected onto the substrate. 
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[0033] The illumination optical system IL has a light 
source for exposure, an optical Integrator tor making the 
luminance distribution of the exposure light EL emitted 
from the exposure light source uniform, a condenser lens 
for condensing the exposure light EL from the optical 
integrator, a relay lens system, and a field stop for setting 
an illumination area on the mask M formed by the expo- 
sure light EL, etc. A specified illumination area on the 
masl< M is Illuminated by the illumination optical system 
IL with the exposure light EL having a uniform luminance 
distribution. For the exposure light EL radiated from the 
illumination optical system I L, for example emission lines 
(g line, h line, i line), emitted for example from a mercury 
lamp, deep ultraviolet beams (DUV light beams) such as 
the KrF excimer laser beam (wavelength: 248 nm), and 
vacuum ultraviolet light beams (VUV light beams) such 
as the ArF excimer laser beam (wavelength: 193 nm) 
and the F2 laser beam (wavelength: 157 nm), may be 
used. In this embodiment, the ArF excimer laser beam 
is used. 

[0034] In this embodiment, pure water is used as the 
first liquid LQ1 supplied from the first liquid supply mech- 
anism 1 0 and the second liquid LQ2 supplied from the 
second liquid supply mechanism 30. In short, in this em- 
bodiment, the first liquid LQ1 and the second liquid LQ2 
are the same liquids. Pure water can transmit not only 
an ArF excimer laser beam but also, for example, emis- 
sion lines (g line, h line, or i line) emitted from a mercury 
lamp and deep ultraviolet light (DUV light) such as a KrF 
excimer laser beam (wavelength: 248 nm). 
[0035] The mask stage MST can move while holding 
the mask M. The mask stage MST holds the mask M by 
vacuum attraction (or electrostatic attraction). The mask 
stage MST Is two dimensionaily movable in a plane or- 
thogonal to the optical axis AX of the projection optical 
system PL, that is, in the XY plane and is finely rotatable 
in the 0Z direction while holding the mask M by driving a 
mask stage driving unit MSTD including, tor example, a 
linear motor which is controlled by the control apparatus 
CONT. 

[0036] A movable mirror 51 is provided on the mask 
stage MST. Furthemnore, a laser interferometer 52 is pro- 
vided at a position opposing the movable mirror 51 . The 
tow-dimensional positions and the rotation angle in the 
0Z direction (including the rotation angles in the ex and 
6Y directions in some cases) of the mask M on the mask 
stage MST are measured In real time by the laser inter- 
ferometer 52, Measurement results of the laser interfer- 
ometer 52 are output to the control apparatus CONT. 
The control apparatus CONT drives the mask stage driv- 
ing unit MSTD based on the measurement results from 
the laser interferometer 52 so as to control the position 
of the mask M held on the mask stage MST. 
[0037] The projection optical system PL projection-ex- 
poses a pattern of the mask M onto the substrate P with 
a predetermined projection magnification P and is con- 
stituted by the plurality of optical elements LS1 to LS7, 
including the first optical element LS1 disposed at a po- 



sition closest to the image plane of the projection optical 
system PL The first optical element LSI of the plurality 
of optical elements LS1 to LS7 is held by a supporting 
member (lens cell) 60, and the supporting member 60 Is 

5 connected to the second nozzle member 72. Further- 
more, the plurality of optical elements LS2 to LS7 other 
than the first optical element LSI are supported by a bar- 
rel PK. In addition, the second nozzle member 72 is con- 
nected to a lower-end portion of the barrel PK, and in this 

10 embodiment, the second nozzle member 72 and the bar- 
rel PK are substantially integral. In other words, the sec- 
ond nozzle member 72 constitutes part of the barrel PK. 
Alternatively, the second nozzle member 72 may be a 
member separated from the banket PK so as to support 

15 the second nozzle member 72 by a predetemnined sup- 
port mechanism different from the barrel PK. In this em- 
bodiment, the projection optical system PL is a reduction 
system having a projection magnification ^ of, for exam- 
ple, 1/4, 1/5, or 1/8. Alternatively, the projection optical 

20 system PL may be an equal system or a magnifying sys- 
tem. Furthemnore, in the projection optical system PL, 
including the first optical element LS1, image-forming 
characteristics, such as aberration, fall within predeter- 
mined tolerance ranges. In addition, the internal space 

25 in the ban-el PK of the projection optical system PL is 
substantially sealed and is maintained as a predeter- 
mined gas environment by a gas replacement apparatus 
(not shown in the figure). In this embodiment, the space 
above the second optical element LS2 (the space adja- 

30 cent to the mask) in the internal space of the barrel PK 
is filled with an inert gas such as helium, argon, or nitro- 
gen. Alternatively, the internal space of the barrel PK may 
be filled with dry air. 

[0038] As described above, the substrate stage PST 

35 includesthesubstrate holder PH for holding the substrate 
P and is movable while holding the substrate P in the 
substrate holder PH. The substrate holder PH holds the 
substrate P by, for example, vacuum attraction. The sub- 
strate stage PST Is two dimensionaily movable in the XY 

^0 plane and is finely rotatable in the ez direction above a 
base member BP while holding the substrate P via the 
substrate holder PH by driving a substrate stage driving 
unit PSTD Including, for example, a linear motor which 
is controlled by the control apparatus CONT. Further- 

45 more, the substrate stage PST can also be moved in the 
2 axial direction, the eX direction, and the GY direction. 
Therefore, the surface of the substrate P held in the sub- 
strate stage PST is movable in a direction of six degrees 
of freedom of: the X axis, Y axis, Z axis, 6X, GY and 9Z 

50 directions. 

[0039] A movable mirror 53 is provided on a side sur- 
face of the substrate stage PST. In addition, a laser inter- 
ferometer 54 is provided at a position opposing the mov- 
able mirror 53. The tow-dimensional positions and the 

55 rotation angles of the substrate P on the substrate stage 
PST are measured in realtime by the laser interferometer 
54. Furthemnore, although not shown in the figure, the 
exposure apparatus EX includes a focus leveling detec- 
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tion system for detecting positional infonnation about the 
surface of the substrate P held on the substrate stage 
PST. For the focus leveling detection system, for exam- 
ple, an oblique incidence method for emitting detection 
light onto the surface of the substrate P from an oblique 
direction or a method using a capacitance sensor can be 
employed. The focus leveling detection system detects 
positional infomnation about the substrate P surface In 
the Z axial direction and inclination information about the 
substrate P in the OX and ev directions via the first liquid 
LQ1 or not via the first liquid LQ1 . 
[0040] The measurement results of the laser interfer- 
ometer 54 are output to the control apparatus CONT. 
The detection results of the focus leveling detection sys- 
tem are also output to the control apparatus CONT. The 
control apparatus CONT controls the focus position (Z 
position) and the inclination angles (0X and 0Y) of the 
substrate P by driving the substrate stage driving unit 
PSTO and based on the detection results of the focus 
leveling detection system to adjust the positional rela- 
tionship between the surface of the substrate P and the 
image plane formed via the projection optical system PL 
and the first liquid LQ1. Furthermore, the control appa- 
ratus CONT performs position-control of the substrate P 
in the X axial direction, Y axial direction, and OZ direction 
based on the measurement results of the laser interfer- 
ometer 54. 

[0041 ] A recess portion 55 is provided on the substrate 
stage PST, and the substrate holder PH for holding the 
substrate P is disposed in the recess portion 55. An upper 
surface 56, except the recess portion 55, o1 the substrate 
stage PST is a flat surface (flat portion) with a height 
substantially the same (same surface) as the surface of 
the substrate P held in the substrate holder PH. The up- 
per surface 56 with a height substantially the same as 
the substrate P surface is provided around the substrate 
P. Therefore, even when an edge area of the substrate 
P is to be subjected to immersion exposure, the immer- 
sion region LR1 can be fomried satisfactorily while holding 
the first liquid LQ1 adjacent to the image-plane side of 
the projection optical system PL since there is substan- 
tially no step portion outside the edge portion of the sub- 
strate P. Furthermore, although there Is a gap about 0.1 
to 1 .0 mm in size between the edge portion of the sub- 
strate P and the flat surface (upper surface) 56 provided 
around the substrate P, the surface tension of the first 
liquid LQ1 substantially prevents the first liquid LQ1 from 
flowing into the gap. Also when a vicinity of a peripheral 
region of the substrate P is to be exposed, the first liquid 
LQ1 can be held on the upper surface 56 below the pro- 
jection optical system PL. There may be a step between 
an upper surface 297 of the substrate stage PST and the 
surface of the substrate P held in the substrate holder 
PH as long as the liquid LQ can be continuously held in 
the first space K1 . 

[0042] The first liquid supply mechanism 1 0 of the first 
immersion mechanism 1 supplies the first liquid LQ1 to 
the first space Kl between the first optical element LSI 



of the projection optical system PL and the substrate P 
and includes a first liquid supply portion 1 1 which can 
send the first liquid LQ1 and a first supply pipe 13 having 
one end portionthereofconnectedtothe first liquid supply 

5 portion 1 1 . The other end portion of the first supply pipe 
13 is connected to the first nozzle member 71 . The first 
liquid supply portion 1 1 includes a tanic which stores the 
first liquid LQ1 ; a pressurizing pump; a temperature-reg- 
ulating apparatus for adjusting the temperature of the 

10 first liquid LQ1 to be supplied; a filter unit for removing 
foreign substances (including bubbles) in the first liquid 
LQ1 ; and so forth. The operation of the first liquid supply 
portion 1 1 is controlled by the control apparatus CONT. 
[0043] The first liquid recovery mechanism 20 of the 

15 first immersion mechanism 1 recovers the first liquid LQ1 
on the image-plane side of the projection optical system 
PL and includes a first liquid recovery portion 21 which 
can recover the first liquid LQ1 ; and a first recovery pipe 
23 having one end portion thereof connected to the first 

20 liquid recovery portion 21 . The other end portion of the 
first recovery pipe 23 is connected to the first nozzle 
member 71 . The first liquid recovery portion 21 includes 
a vacuum system (suction apparatus) such as a vacuum 
pump; a gas-liquid separator for separating a gas from 

25 the recovered first liquid LQ1; a tank which stores the 
recovered first liquid LQ1; and so forth. The operation of 
the first liquid recovery portion 21 is controlled by the 
control apparatus CONT. 

[0044] The second liquid supply mechanism 30 of the 

30 second immersion mechanism 2 supplies the second liq- 
uid LQ2 to the second space K2 between the second 
optical element LS2 and the first optical element LSI of 
the projection optical system PL and includes a second 
liquid supply portion 31 which can send the second liquid 

35 LQ2; and a second supply pipe 33 having one end portion 
thereof connected to the second liquid supply portion 31 . 
The other end portion of the second supply pipe 33 is 
connected to the second nozzle member 72. The second 
liquid supply portion 31 includes a tanl< which stores the 

40 second liquid LQ2; a pressurizing pump; a temperature- 
regulating apparatus for adjusting the temperature of the 
second liquid LQ2 to be supplied; a filter unit for removing 
foreign substances (including bubbles) in the second liq- 
uid LQ2; and so forth. The operation of the second liquid 

45 supply portion 31 is controlled by the control apparatus 
CONT. 

[0045] The second liquid recovery mechanism 40 of 
the second immersion mechanism 2 recovers the second 
liquid LQ2 in the second space K2 between the second 

50 optical element LS2 and the first optical element LSI of 
the projection optical system PL and includes a second 
liquid recovery portion 41 which can recover the second 
liquid LQ2; and a second recovery pipe 43 having one 
end portion thereof connected to the second liquid re- 

55 covery portion 41 , The other end portion of the second 
recovery pipe 43 is connected to the second nozzle mem- 
ber 72. The second liquid recovery portion 41 Includes a 
vacuum system (suction apparatus) such as a vacuum 
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pump; a gas-liquid separator for separating a gas from 
the recovered second liquid LQ2; a tank which stores the 
recovered second liquid LQ2; and so forth. The operation 
of the second liquid recovery portion 41 is controlled by 
the control apparatus CONT. 

[0046] FIG. 2 is a sectional side view of a vicinity of 
the first and second optical elements LSI and LS2. The 
first optical element LS1 is a plane-parallel plate which 
has no refractive power and can transmit the exposure 
tight EL, and the lower surface T1 and the upper surface 
T2 are parallel. In the projection optical system PL, in- 
cluding the first optical element LS1, image-forming char- 
acteristics, such as aberration, fall within predetermined 
tolerance ranges. The outer diameter of the upper sur- 
face T2 is larger than the outer diameter of the lower 
surface T1 , and the first optical element LS1 has a flange 
portion F1 . The flange portion F1 of the first optical ele- 
ment LSI is held by the supporting member (lens cell) 
60. The lower surface T1 and the upper surface T2 of 
the first optical element LSI held by the supporting mem- 
ber 60 are substantially parallel to the XY plane. Since 
the surface of the substrate P supported by the substrate 
stage PST and the XY plane are substantially parallel, 
the lower surface T1 and the upper surface T2 are sub- 
stantially parallel to the surface of the substrate P sup- 
ported by the substrate stage PST. 
[0047] The supporting member 60 holding the first op- 
tical element LS 1 Is connected to the second nozzle 
member 72. The supporting member 60 and the second 
nozzle member 72 are connected to each other with a 
plurality of bolts 61 . Furthermore, the holding of the first 
optical element LS1 by the supporting member 60 is re- 
leased by releasing the connection by the bolts 61 . In 
short, the first optical element LS1 Is provided so as to 
be easily detachable (replaceable). 
[0048] Furthermore, a spacer member 62 is disposed 
between a lower surface 72K of the second nozzle mem- 
ber 72 and an upper surface 60J of the supporting mem- 
ber 60. The lower surface 72K of the second nozzle mem- 
ber 72 opposes a region that is different from the region 
through which the exposure light EL passes on the upper 
surface T2 of the first optical element LSI. The spacer 
member 62 includes washer members corresponding to 
the bolts 61 and has a function as an adjustment mech- 
anism for acljusting the positional relationship between 
the second nozzle member 72 (the barrel PK) and the 
supporting member 60 and, eventually, the positional re- 
lationship between the second optical element LS2 held 
by the barrel PK and the first optical element LSI held 
by the supporting member 60. Here, the positional rela- 
tionship between the second optical element LS2 and 
the first optical element LS1 includes the relative distance 
or the relative inclination between the lower surface T3 
of the second optical element LS2 and the upper surface 
T2 of the first optical element LSI. Spacer members 62 
are supported so as to be in contact with the upper sur- 
face 60J of the supporting member 60 and are disposed 
at predetemnined angular intervals. The positional rela- 



tionship can be adjusted by changing, as appropriate, 
the thickness of the spacer member 62 to be used or 
changing, as appropriate, the number of layers of the 
spacer member 62. The second nozzle member 72 and 

5 the supporting member 60 are secured with the bolts 61 
such that the spacer member 62 is disposed between 
the lower surface 72K of the second nozzle member 72 
and the upper surface 60J of the supporting member 60. 
[0049] The second optical element LS2 is an optical 

10 element having refractive power (lens power) and in- 
cludes the flat lower surface T3 and an upper surface T4 
which is formed In a convex shape protruding towards 
the object-surface side (the mask M side) to exhibit pos- 
itive refractive power. The outer diameter of the upper 

15 surface T4 is larger than the outer diameter of the lower 
surface T3, and the second optical element LS2 has a 
flange surface F2. An edge portion of the flange surface 
F2 of the second optical element LS2 is supported by a 
support portion 58 provided at a lower-end portion of the 

20 barrel PK. The second optical element LS2 (and the op- 
tical elements LS3 to LS7) are held by the barrel PK. 
[0050] The lower surface T3 of the second optical el- 
ement LS2 supported by the support portion 58 and the 
upper surface T2 of the first optical element LSI held by 

25 the supporting member 60 are substantially parallel. In 
addition, since the upper surface T4 of the second optical 
element LS2 has positive refractive power as described 
above, the reflection loss of light (the exposure light EL) 
incident upon the upper surface T4 is reduced, which 

30 eventually ensures a large Image-side numerical aper- 
ture. Furthennore, the second optical element LS2 hav- 
ing refractive power (lens power) is supported in a satis- 
factorily positioned state by the support portion 58 of the 
barrel PK. In addition, in this embodiment, the outer di- 

35 ameter of the lower surface T3 of the second optical el- 
ement LS2 opposing the first optical element LS 1 is 
formed to be smaller than the outer diameter of the upper 
surface T2 of the first optical element LSI . 
[0051] The exposure tight EL emitted from the illuml- 

40 nation optical system IL passes through each of the plu- 
rality of optical elements LS7 to LS3, a predetermined 
region on the upper surface T4 of the second optical el- 
ement LS2, and a predetermined region on the tower 
surface T3 and is incident upon the second immersion 

45 region LR2. The exposure light EL that has passed 
through the second immersion region LR2 passes 
through a predetemnined region on the upper surface T2 
and a predetermined region on the lower surface T1 of 
the first optical element LSI, Is incident upon the first 

50 immersion region LR1 , and reaches the substrate P. 
[0052] The first nozzle member 71 constitutes part of 
the first immersion mechanism 1 and is an annular shape 
member provided so as to enclose a side surface 71 T of 
the first optical element LSI . The first nozzle member 71 

55 can be formed of, for example, titanium, stainless steel 
(e.g., SUS316), duralumin, and an alloy including these 
metals (e.g., titanium alloy), quartz, glass-ceramic (e.g., 
Zerodur (registered trademark)). Si (silicon) crystal, an 
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amorphous material. The first nozzle member 71 is dis- 
posed adjacent to the image-plane-side end portion of 
the projection optical system PL and is provided so as to 
enclose the perimeter of the first optical element LS1 of 
the projection optical system PL between the flange por- 5 
tion F1 of the first optical element LSI and the substrate 
P (the substrate stage PST). The lower surface T1 of the 
first optical element LSI held by the supporting member 
60 and a lower surface 71 A of the first nozzle member 
71 are substantially the same surface. io 
[0053] A predetemnined gap G1 is provided between 
an inside face 71 T of the first nozzle member 71 and a 
side surface LT1 of the first optical element LS 1. The 
gap G I vibrationally isolates the projection optical system 
PL (the first optical element LSI) from the first nozzle i5 
member 71 . By doing so, vibration generated in the first 
nozzle member 71 is prevented from being transmitted 
directly to the projection optical system PL. The inside 
face 71T of the first nozzle member 71 is liquid-repellent 
(water-repel lent) to the firstliqu id LQ 1 , and the first liquid 
LQ1 is prevented from entering the gap G1 between the 
side surface LT1 of the first optica! element LS1 and the 
inside face 71 T of the first nozzle member 71. Water- 
repetlency treatment for imparting water-repellency wilt 
be described later. 25 
[0054] The liquid supply outlet 1 2 for supplying the first 
liquid LQ 1 and the liquid collection port 22 for recovering 
the first liquid LQ1 are fomned on the lower surface 71 A 
of the first nozzle member 71 . In the following description, 
the liquid supply outlet 12 of the first immersion mecha- 30 
nism 1 is referred to as the first supply outlet 1 2, and the 
liquid collection port 22 of the first immersion mechanism 
1 is referred to as the first collection port 22 as appropri- 
ate. 

[0055] Above the substrate P supported on the sub- 35 
strate stage PST, the first supply outlet 1 2 is provided so 
as to oppose the substrate P surface. The first supply 
outlet 12 and the substrate P surface are separated by 
a predetemnined distance. The first supply outlet 12 is 
disposed so as to enclose the projection region AR1 of 40 
the projection optical system PL that is irradiated with the 
exposure light EL. In this embodiment, a plurality ofthe 
first supply outlets 1 2 is formed on the lower surface 71 A 
of the first nozzle member 71 so as to enclose the pro- 
jection region AR1 . 45 
[0056] Above the substrate P supported on the sub- 
strate stage PST, the first collection port 22 is provided 
so as to oppose the substrate P surface. The first collec- 
tion port 22 and the substrate P surface are separated 
by a predetermined distance. The first collection port 22 so 
is provided on the outside of the first supply outlet 1 2 with 
respect to the projection region AR1 of the projection 
optical system PL and is formed in an annular slit shape 
so as to enclose the first supply outlet 1 2 and the projec- 
tion region AR1 irradiated with the exposure light EL. 55 
[0057] A porous member 22P having a plurality of 
holes is disposed in the first collection port 22 so as to 
cover the first collection port 22. The porous member 22P 
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is fonned of a mesh member having a plurality of holes. 
The porous member 22P can be formed by performing 
the process of making holes in a plate member, which is 
to serve as a base material ofthe porous member, formed 
of, for example, quartz, titanium, stainless steel (e.g., 
SUS316), and ceramics, or a hydrophilic material. Fur- 
thermore, the porous member 22P may be subjected to 
surface treatment for suppressing mixture of impurities 
into thefirst liquid LQ1 orsurfacetreatmentfor enhancing 
the lyophilicity. Such surface treatment includes treat- 
ment for depositing chromium oxide onto the porous 
member 22P, for example, "GOLDEP" treatment or 
"GOLDEP WHITE" treatment by Kobeico Eco-Solutions 
Co,. LTD. By applying such surface treatment, unwanted 
mixture of impurities into the first liquid LQ1 from the po- 
rous member 22P can be prevented. In addition, the first 
and second nozzle members 71 and 72 may be subjected 
to the above-described surface treatment. 
[0058] A first supply passage 14, which is an Internal 
passage, for connecting the plurality of first supply outlets 
1 2 to the supply pipe 1 3 is provided inside the first nozzle 
member 71. The first supply passage 14 formed in the 
first nozzle member 71 branches at an intermediate point 
so as to be connected to each of the plurality of first supply 
outlets 12. Furthemnore, a first recovery passage 24, 
which is an internal passage, for connecting the annular 
first collection port 22 and the recovery pipe 23 is provid- 
ed inside the first nozzle member 71. The first recovery 
passage 24 is formed in an annular shape so as to cor- 
respond to the annular first collection port 22 and Includes 
an annular passage connected to the collection port 22 
and a manifold passage connecting part of the annular 
passage and the recovery pipe 23. 
[0059] When the Immersion region LR1 for the first liq- 
uid LQ1 is to be fomned, the control apparatus GONT 
perfonns supply and recovery of the first liquid LQ1 with 
respect to the substrate P using the first liquid supply 
mechanism 10 and the first liquid recovery mechanism 
20 of the first immersion mechanism 1. When the first 
liquid LQ1 is to be supplied onto the substrate P, the 
control apparatus GONT sends the first liquid LQ1 from 
the first liquid supply portion 1 1 to supply the first liquid 
LQ1 onto the substrate P from the first supply outlet 12 
provided above the substrate P via the supply pipe 13 
and the first supply passage 1 4 of thefirst nozzle member 
71 . When the first liquid LQ1 on the substrate P is to be 
recovered, the control apparatus CONT drives the first 
liquid recovery portion 21. As a result of the first liquid 
recovery portion 21 being driven, the first liquid LQ1 on 
the substrate P flows into the first recovery passage 24 
of the first nozzle member 71 via the first collection port 
22 provided above the substrate P and is recovered by 
the first liquid recovery portion 21 via the recovery pipe 
23. Thefirst liquid LQ1 is held between the lower surface 
71 A of the first nozzle member 71 and the lower surface 
T1 of the optical element LSI of the projection optical 
system PL and the substrate P surface to fomn the first 
immersion region LR1. 



EP 1 843 384 A1 



10 



19 



EP 1 843 384 A1 



20 



[0060] The second nozzle member 72 constitutes part 
of the second immersion mechanism 2 and Is an annular 
shape member provided so as to enclose a side surface 
72T of the second optical element LS2 between the 
flange surface F2 of the second optical element LS2 and 
the first optical element LS 1. The flange surface F2 of 
the second optical element LS2 opposes an upper sur- 
face 72 J of the second nozzle member 72. The second 
nozzle member 72 can also be formed of the same ma- 
terial as that of the above-described first nozzle member. 
The second nozzle member 72 is connected to a lower- 
end portion of the barrel PK and issupported by the barrel 
PK. As described above, the second nozzle member 72 
and the barrel PK are substantially integral, and the sec- 
ond nozzle member 72 constitutes part of the barrel PK. 
A predetermined gap G2 is provided betwi^en the inside 
face 72T of the second nozzle member 72 and a side 
surface LT2 of the second optical element LS2. 
[0061 ] The liquid supply outlet 32 for supplying the sec- 
ond liquid LQ2 and the liquid collection port 42 for recov- 
ering the second liquid LQ2 are formed in the second 
nozzle member 72. In the following description, the liquid 
supply outlet 32 provided In the second nozzle member 
72 of the second immersion mechanism 2 is referred to 
as the second supply outlet 32, and the liquid collection 
port 42 of the second immersion mechanism 2 is referred 
to as the second collection port 42 as appropriate. 
[0062] The second supply outlet 32 is provided at a 
position facing the second space K2 on the inside face 
72T of the second nozzle member 72. The second col- 
lection port 42 is provided on the inside face 72T, which 
opposes the side surface LT2 of the second optical ele- 
ment LS2, in the second nozzle member 72. The second 
collection port 42 is provided at a position higher than 
the lower surface T3 of the second optical element LS2. 
In this embodiment, the second collection port 42 is ori- 
ented sideward. However, the second collection port 42 
may be oriented, for example, obliquely downwards or 
upwards. 

[0063] Furthemiore, a second supply passage 34, 
which is an internal passage, for connecting the second 
supply outlet 32 and the supply pipe 33 is provided inside 
the second nozzle member 72. In addition a second re- 
covery passage 44, which is an intemat passage, forcon- 
necting the second collection port 42 and the recovery 
pipe 43 is provided inside the second nozzle member 72. 
[0064] FIG. 3A is a diagram schematically showing a 
vicinity of the second recovery passage 44. As shown in 
FIG 3A, a bent portion 44R which is bent upwards with 
respect to the second collection port 42 is provided in 
part of the second recovery passage 44 formed in the 
second nozzle member 72. Furthermore, a joint portion 
between the second recovery passage 44 and the sec- 
ond recovery pipe 43 is provided below the bent portion 
44R. More specifically, the second liquid LQ2 recovered 
from the second collection port 42 flows substantially hor- 
izontally, upwards, and downwards and then flows into 
the second recovery pipe 43. A hole 44K for communi- 



cating between the inside and the outside of the second 
recovery passage 44 is provided above the bent portion 
44R. Due to the hole 44K, the second recovery passage 
44 is made open to the atmosphere. As a result of the 

5 hole 44K communicating with the atmosphere being pro- 
vided, the second space K2 (the space inside the barrel 
PK) can be prevented from exhibiting negative pressure 
even when the second space K2 is suclced by the second 
liquid recovery portion 41 . More specifically, when the 

10 pressure of the second space K2 and the second recov- 
ery passage 44 connected to the second space K2 de- 
creases as a result of suction operation by the second 
liquid recovery portion 41 , gas flows into the second re- 
covery passage 44 via the hole 44K, as shown in FIG. 

15 3B. Therefore, the second space K2 and the second re- 
covery passage 44 connected to the second space K2 
can be prevented from exhibiting negative pressure. In 
this manner, the second space K2can be prevented from 
exhibiting negative pressure by achieving an overflow 

20 structure where the bent portion 44R having the hole44K 
is provided at a position higherthan the second collection 
port 42 and the joint portion between the second recovery 
passage 44 and the second recovery pipe 43. The above- 
described porous member 22 P may be attached to the 

25 hole 44K communicating with the atmosphere. By attach- 
ing this porous member, the occun-ence of heat of va- 
porization during the suction operation by the second liq- 
uid recovery portion 41 can be suppressed. 
[0065] FIG. 4 is a cross-sectional top view of the sec- 

30 ond nozzle member 72. As shown in FIG. 4, In this em- 
bodiment, the second supply outlet 32 Is provided on the 
+X side of the second space K2, and the second collec- 
tion port 42 is provided on the -X side of the second space 
K2. The second supply outlet 32 is shaped like a slit hav- 

35 ing a predetennined width, and the second collection port 
42 is fonned to be the same size as or larger than the 
second supply outlet 32. Liquid recovery can be per- 
fomned smoothly by fonning the second collection port 
42 to be larger than the second supply outlet 32. As with 

40 the first collection port 22, a porous member may be pro- 
vided In the second collection port 42. 
[0066] The numbers and arrangements of second sup- 
ply outlets 32 and second collection ports 42, the num- 
bers and arrangements of second supply passages 34 

45 and second recovery passages 44, and so forth can be 
set freely. For example, the second supply outlet 32 may 
be fonned at each of a plurality of predetennined posi- 
tions of the second nozzle member 72. Similarty, the sec- 
ond collection port 42 may be fonned at each of a plurality 

50 of predetermined positions of the second nozzle member 
72. Furthemnore, as shown in, for example, FIG. 5, the 
length of the second supply passage 34 may be made 
relatively larger by forming the second supply passage 
34 along the circumferential direction of the second noz- 

55 zle member 72. By doing so, the second liquid LQ2 to be 
supplied to the second space K2 is supplied to the second 
space K2 via the second supply outlet 32 afterthe second 
liquid LQ2 has been adjusted to substantially the same 
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temperature as the temperature of the second nozzle 
member 72 and eventually, the temperature of the barrel 
PK connected to the second nozzle member 72. In FIG. 
5, the second supply passage 34 Is formed only half 
around the circumference in the circumferential direction 5 
of the second nozzle member 72. Howevejr, the second 
supply passage 34 may be fonned all around the circum- 
ference or may be formed helically, for example. 
[0067] When the immersion region LR2 for the second 
liquid LQ2 is to be formed, the control apparatus CONT io 
performs supply and recovery of the second liquid LQ2 
with respect to the second space K2 using the second 
liquid supply mechanism 30 and the second liquid recov- 
ery mechanism 40 of the second immersion mechanism 
2. When the second liquid LQ2 is to be supplied to the 15 
second space K2, the control apparatus CONT sends 
the second liquid LQ2 from the second liquid supply por- 
tion 31 to supply the second liquid LQ2 to the second 
space K2 from the second supply outlet 32 via the supply 
pipe 33 and the second supply passage 34 of the second 
nozzle member 72. When the second liquid LQ2 in the 
second space K2 is to be recovered, the control appara- 
tus CONT drives the second liquid recovery portion 41. 
As a result of the second liquid recovery portion 41 being 
driven, the second liquid LQ2 in the second space K2 25 
flows into the second recovery passage 44 of the second 
nozzle member 72 via the second collection port 42 pro- 
vided at a position higher than the lower surface T3 of 
the second optical element LS2 and is recovered by the 
second liquid recovery portion 41 via the recovery pipe 30 
43. The second liquid LQ2 is held in the second space 
K2 between the lower surface T3 of the second optical 
element LS2 and the upper surface T2 of the first optical 
element LSI to form the second immersion region LR2. 
[0068] Returning to FIG. 2, a sealing member 64 Is 35 
provided between the upper surface T2 of the first optical 
element LSI and the lower surface 72K of the second 
nozzle member 72. Furthermore, a sealing member 63 
is provided between the upper surface 60J of the sup- 
porting member 60 and the lower surface 72K of the sec- 40 
ond nozzle member 72. The sealing members 63 and 64 
suppress circulation of the second liquid LQ2 between 
the second space K2 and the outer space thereof and, 
in particular, prevent the second liquid LQ2 held in the 
second space K2 from leaking to the outer space. The 45 
sealing members 63 and 64 mainly prevent the second 
liquid LQ2 held in the second space K2 from leaking to 
a fourth space K4 outside the barrel PK. The sealing 
member 64 may be provided Isetween the jpper surface 
60J of the supporting member 60 and the lower surface so 
72K of the second nozzle member 72. 
[0069] The sealing members 63 and 64 h ave to control 
circulation of the second liquid LQ2 and may be formed 
of, for example, O-rings, V-rings, C-rings, or water-repel- 
lent ring-shaped sheet members. In this embodiment, ss 
the scaling member 64 is a V-ring, and the sealing mem- 
ber 63 is an O-ring. Alternatively, The sealing member 
64 may be omitted, and circulation of the second liquid 



LQ2 may be suppressed through water-repellency treat- 
ment, which will be described later. 
[0070] Furthermore, a sealing member 76A is provided 
In the gap G2 between the inside face 72T of the second 
nozzle member 72 and the side surface LT2 of the second 
optical element LS2, and sealing members 76B and 76C 
are provided between the upper surface 72J of the sec- 
ond nozzle member 72 and the flange surface F2 of the 
second optical element LS2 facing the upper surface 72 J. 
The sealing member 76B and the sealing member 760 
are provided concentrically so as to have their centers 
at the optical axis of the second optical element LS2. 
These sealing members 76 (76A, 76B, and 76C) also 
suppress circulation of the second liquid LQ2 between 
the second space K2 and the outer space thereof and 
prevent the second liquid LQ2 held in the second space 
K2 from leaking to the outer space. The sealing members 
76 mainly prevent the second liquid LQ2 held in the sec- 
ond space K2 from leaking into a third space K3 on the 
upper surface T4 side of the second optical element LS2 
(the space inside the barrel PK) and also from leaking 
into the fourth space K4 outside the barrel PK. If there is 
no danger of the second liquid LQ2 held in the second 
space K2 leaking into the third space K3, these seating 
members 76 can be omitted. 

[0071] FIG. 6 is a plan top view of the second nozzle 
member 72. On the upper surface 72 J of the nozzle mem- 
ber 72, a recess portion 75 for holding the second liquid 
LQ2 that has leaked from the second space K2 is pro- 
vided outside a sealing member 76 (76B). The recess 
portion 75 is formed in an annular shape on the upper 
surface 72J of the second nozzle member 72. As shown 
in the schematic diagram of FIG. 7, even if the second 
liquid LQ2 in the second space K2 leaks to the outside 
of the sealing members 76 via, for example, the gap G2, 
the second liquid LQ2 can be held in the recess portion 
75. Therefore, spread of damage due to the leaking sec- 
ond liquid LQ2 can be suppressed. 
[0072] Furthennore, a detector 74 for detecting wheth- 
er the second liquid LQ2 has leaked from the second 
space K2 is provided in the recess portion 75 fomied in 
the second nozzle member 72. The detector 74 is made 
of an optical fiber and is disposed in the recess portion 
75 formed in the second nozzle member 72, as shown 
in FIG. 6. 

[0073] The detection principle of the detector 74 for 
detecting the second liquid LQ2 will be described with 
reference to FIG. 8 and FIG. 9. FIG. 8 is a schematic 
diagram showing a nomnal optical fiber. In FIG. 8, an 
optical fiber 74' includes a core portion 740 for transmit- 
ting light and a clad portion 74D which is provided around 
the core portion 74C and has a smaller index of refraction 
than the core portion 740. In the optical fiber 74', light is 
transmitted while being confined in the core portion 740 
having a larger index of refraction than the clad portion 
74D. 

[0074] FIG. 9 is a schematic diagram showing the op- 
tical fiber 74 according to this embodiment. In FIG. 9, the 



12 



23 



EP 1 843 384 A1 



24 



optical fiber 74 is an optical fiber (cladless fiber) that has 
the core portion 74C for transnnitting light but has no clad 
portion therearound. The core portion 74C of the optical 
fiber 74 has a larger index of refraction than the gas (air 
in this embodiment) therearound and has a smaller index s 
of refraction than the second liquid (pure water in this 
embodiment) LQ2. For this reason, if the surrounding of 
the optical fiber 74 is filled with air, light is transmitted 
while being confined in the core portion 74C having a 
larger index of refraction than the air. In short, light com- 
ing from the incident-end portion of the optical fiber 74 is 
emitted from the exit-end portion without a significant at- 
tenuation in the amount of light. On the other hand, if the 
second liquid (pure water) LQ2 is attached to the surface 
of the optical fiber 74, light leaks externally at the portion 15 
of the optical f iber 74 where the liquid is attached because 
total reflection does not occur in the interface area be- 
tween the second liquid LQ2 and the optical fiber 74. 
Therefore, light coming from the incident-end portion of 
the optical fiber 74 attenuates the amount of light when ^ 
it is emitted from the exit-end portion. For this reason, 
the control apparatus CONTcan detect whether the sec- 
ond liquid LQ2 has been attached to the optical fiber 74, 
that is, whether the second liquid LQ2 has leaked by pro- 
viding this optical fiber 74 at a predetermined position of 25 
the exposure apparatus EX and measuring the amount 
of light at the exit-end portion of this optical fiber 74. Be- 
cause the index of refraction of air Is about 1 and the 
index of refraction of water is about 1 .4 to 1 .6, the core 
portion 74C is preferably fomned of a material having an 30 
index of refraction of, for example, about 1.2. 
[0075] Furthermore, the optical fiber 74 can detect the 
amount of the second liquid LQ2 from the attenuation of 
light emitted from the exit-end portion of the optical fiber 
74. More specifically, if a small amount of second liquid 35 
LQ2 is attached around the optical fiber 74, the attenu- 
ation of light at the exit-end portion is small. On the other 
hand, if a large amount of second liquid LQ2 is attached, 
then the attenuation is targe. Therefore, the amount of 
leakage of the second liquid LQ2 can be detected by "^o 
measuring the amount of light at the exit-end portion of 
the optical fiber 74. Furthemnore, the amount of leakage 
of the second liquid LQ2 can be detected in a stepwise 
manner by comparing measurement values of the 
amount of light at the optical fiber exit-end portion with a 
plurality of preset threshold values (reference values) 
and issuing particular signals if respective threshold val- 
ues are exceeded. 

[0076] As shown in FIG. 6, the detector (optical fiber) 
74 is provided in the recess portion 75 formed in the sec- so 

ond nozzle member 72. In other words, the optical fiber 
74 is disposed between the sealing member 76B and the 
sealing member 760. A projector portion 77 which can 
emit light into the optical fiber 74 is connected to the in- 
cident-end portion of the optical fiber 74. A light receiving 55 
portion 78 which can receive light that passes through 
the optical fiber 74 and is emitted from the exit-end portion 
is connected to the exit-end portion of the optical fiber 



74. Although part of the optical fiber 74 seemingly over- 
laps the sealing member 760 in the figure, this part of 
the optical fiber 74 is disposed in a cut portion formed, 
for example, on the upper surface of the second nozzle 
member 72, and hemrietic'rty by the sealing member 760 
is ensured such that the part of the optical fiber 74 does 
not interfere with the sealing members 76. The control 
apparatus OONT obtains the attenuation factor of light 
at the exit-end portion with respect to the incident-end 
portion of the optical fiber 74 based on the amount of 
light when it enters the optical fiber 74 from the projector 
portion 77 and the amount of light when it received at the 
light receiving portion 78, and based on the obtained re- 
sult, the control apparatus OONT detemiines whether 
the second liquid LQ2 has attached to the optical fiber 
74, that is, whether the second liquid LQ2 has leaked to 
the outside of the second space K2. When the control 
apparatus OONT determines that the second liquid LQ2 
has leaked, it is suff icientto take an appropriate measure: 
for example, to stop supply operation of the second liquid 
LQ2 by the second liquid supply mechanism 30; to in- 
crease the recovery force of the second liquid LQ2 by 
the second liquid recovery mechanism 40; to stop power 
supply to electrical devices constituting the exposure ap- 
paratus EX; to adjust the amount of second liquid LQ2 
supplied to the second space K2 or the amount of second 
liquid LQ2 discharged from the second space K2. 
[0077] By taking an appropriate measure as described 
above based on the detection result of the detector 74, 
the control apparatus OONT can suppress the spread of 
damage due to the leaking second liquid LQ2; for exam- 
ple, the control apparatus OONT can prevent the second 
liquid LQ2 that has leaked from the second space K2 
from flowing into the third space K3 adjacent to the upper 
surface T4 of the second optical element LS2. The third 
space K3 is a space inside the barrel PK and is main- 
tained to be a predetennined gas environment. If the sec- 
ond liquid LQ2 enters this third space K3, the gas envi- 
ronment is disturbed, thus adversely affecting the image- 
fonning characteristto of the projection optical system PL. 
Therefore, unwanted entrance of the second liquid LQ2 
into the third space K3 can be prevented by providing 
the detector 74 capable of detecting the second liquid 
LQ2 so that the above-described measure can be taken 
when the detector 74 detects leakage of the second liquid 
LQ2. Furthermore, since the sealing member 76B and 
the sealing member 760 are provided in this embodi- 
ment, unwanted entrance of the second liquid LQ2 from 
the second space K2 into the third space K3 is sup- 
pressed. 

[0078] As far as the sealing member 76A which is pro- 
vided between the inside face 72T of the second nozzle 
member 72 and the side surface LT2 of the second optical 
element LS2 is concerned, a plurality of the sealing mem- 
bers 76A is preferably provided on concentric circles. 
Furthemnore, as far as the sealing member 76B which is 
provided between the upper surface 72J of the second 
nozzle member 72 and the flange surface F2 of the sec- 
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ond optical element LS2 facing the upper surface 72J is 
concerned, a plurality of the sealing mennbers 76B is pref- 
erably provided on concentric circles. By doing so, the 
second liquid LQ2 held in the second space K2 can be 
prevented from leal<ing into the third space K3 or the 5 
fourth space K4 more reliably. If a plurality of the sealing 
members 76A is provided, the sealing member 76B may 
be omitted. In addition, if a plurality of the sealing mem- 
bers 76B is provided, the sealing member 76A may be 
omitted. 10 
[0079] The detector 74 is disposed in a toric shape on 
the inner side of the recess portion 75 here. Alternatively, 
a hole portion (sampling port) may be provided, for ex- 
ample, at part of the recess portion 75, and the detector 
74 may be provided in a space (measurement space) '5 
diff erentf rom the recess portion 75 con nected to the sam- 
pling port so that the detector 74 disposed in the meas- 
urement space can detect the second liquid LQ2 that has 
flowed into the measurement space via the sampling 
port. 20 
[0080] The detector 74 can be provided not only on 
the upper surface 72J of the second nozzle member 72 
but also at any location, as long as the detector 74 can 
detect leakage of the second liquid LQ2 from the second 
space K2 or entrance of the second liquid LQ2 into the ^5 
third space K3. 

[0081] A through-hole 65 for discharging the second 
liquid LQ2 of the second space K2 is formed at a prede- 
termined position of the supporting member 60 holding 
the first optical element LS 1. In addition, a lid 66 for 30 
covering the through-hole 65 is disposed in the through- 
hole 65. The through-hole 65 passes though the upper 
surface 60J and a lower surface 60K of the supporting 
member 60. Here, the upper surface 60J of the support- 
ing member 60 is provided at a position lower than the 35 
upper surface T2 of the first optical element LSI being 
held. Therefore, the upper-end portion of the through- 
hole 65 is provided at a position lower than the upper 
surface T2 of the first optical element LS 1. 
[0082] Next, a method of exposing a pattern image of 
the mask M onto the substrate P using the exposure ap- 
paratus EX with the above-described structure will be 
described. 

[0083] When the substrate P is to be exposed, the con- 

trol apparatus CONT supplies the second liquid LQ2 to 45 
the second space K2 from the second liquid supply mech- 
anism 30 and, furthermore, recovers the second liquid 
LQ2 of the second space K2 by the second liquid recov- 
ery mechanism 40. Through liquid supply operation by 
the second liquid supply mechanism 30 and liquid recov- 50 
ery operation by the second liquid recovery mechanism 
40, the second liquid LQ2 is filled between the upper 
surface T2 of the first optical element LS1 and the second 
optical element LS2 so that a region that includes the 
predetermined region AR2 through which the exposure 55 
light EL passes on the uppersurfaceT2 of the first optical 
element LSI forms the second immersion region LR2. 
[0084] When formation of the second immersion re- 
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gion LR2 is started, an air portion (bubbles) may be 
formed in the second liquid LQ2 of the second space K2. 
Because bubbles work as foreign substances, the pattern 
transfer accuracy Is degraded if bubbles (e.g., bubbles 
0.1 mm or more in diameter) exist in the second liquid 
LQ2 of the second immersion region LR2. However, in 
this embodiment, supply and recovery of liquid by the 
second liquid supply mechanism 30 and the second liquid 
recovery mechanism 40 are perfomned concun^ently 
when fonnation of the second immersion region LR2 is 
started, and the second collection port 42 of the second 
liquid recovery mechanism 40 is provided at a position 
higher than the lower surface T3 of the second optical 
element LS2. Therefore, even if bubbles exist in the sec- 
ond liquid LQ2, as shown in the schematic diagram of 
FIG. 1 0, the bubbles move upwards due to the difference 
in specific gravity from the second liquid LQ2 and are 
smoothly recovered from the second collection port 42 
due to circulation of the second liquid LQ2 generated 
through the supply and recovery operation of the second 
liquid LQ2 by the second liquid supply mechanism 30 
and the second liquid recovery mechanism 40. There- 
fore, the bubbles can be prevented from remaining in the 
second liquid LQ2 of the second immersion region LR2. 
Furthemore, the second liquid recovery mechanism 40 
can smoothly recover not only bubbles in the second liq- 
uid LQ2 but also foreign substances having specific grav- 
ity smaller than that of the second liquid LQ2 via the sec- 
ond collection port 42. 

[0085] After the second immersion region LR2 has 
been formed, the control apparatus CONT stops supply- 
ing the second liquid LQ2 by the second liquid supply 
mechanism 30. The second liquid LQ2 between the first 
optical element LS 1 and the second optical element LS2 
is held in the second space K2, and the second immer- 
sion region LR2 is maintained. 

[0086] After the substrate P has been loaded onto the 
substrate stage PST at the loading position, the control 
apparatus CONT moves the substrate stage PST holding 
the substrate P to below the projection optical system 
PL, that is, atthe exposure position. Thereafter, in a state 
where the substrate stage PST is opposed to the first 
optical element LS1 of the projection optteal system PL, 
the control apparatus CONT performs supply and recov- 
ery of the liquid LQ1 by the first liquid supply mechanism 
10 and the first liquid recovery mechanism 20 while ap- 
propriately controlling the per-u nit-of-time amount of sup- 
ply of the first liquid LQ1 by the first liquid supply mech- 
anism 10 and the per-unlt-of time amount of recovery of 
the first liquid LQ1 by the first liquid recovery mechanism 
20 and forms the first immersion region LR1 of the first 
liquid LQ1 at least on the optical path of the exposure 
light EL in the first space K1 to fill the optical path of the 
exposure light EL with the first liquid LQ1 . 
[0087] Here, a reference member (measuring mem- 
ber) including reference marks, which are measured by 
a substrate alignment system as disclosed in, for exam- 
ple, Japanese Unexamined Patent Application, First 
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Publication No. H4-65603 and a mask alignment system 
as disclosed in Japanese Unexamined Patent Applica- 
tion, First Publication No. H7-1 76468, is provided at a 
predetermined position on the substrate stage PST. Fur- 
themnore, as a photometric portion, an illumination-irreg- 
ularity sensor as disclosed in, for example, Japanese 
Published Unexamined Patent Application No. 
S57-117238, an aerial-image measurement sensor as 
disclosed In, for example, Japanese Unexamined Patent 
Application, First Publication No. 2002-14005, and an 
irradiation-amount sensor (light sensor) as disclosed in, 
for example, Japanese Unexamined Patent Application, 
First Publication No. H1 1-16816 are provided at prede- 
termined positions on the substrate stage PST. Before 
performing exposure processing of the substrate P, the 
control apparatus CONT perfonns mark measurement 
on the reference member and various measurement op- 
erations using the photometric portion and, based on the 
measurement results, performs alignment processing of 
the substrate P and image-forming-characteristic adjust- 
ment (calibration) processing of the projection optical 
system PL. For example, when measurement using the 
photometric portion is to be performed, the control appa- 
ratus CONT moves the substrate stage PST relatively to 
the first Immersion region LR1 of the first liquid LQ1 by 
moving the substrate stage PST in the XY direction, po- 
sitions the first immersion region LR1 for the first liquid 
LQ1 on the photometric portion, and perfomis measure- 
ment via the first liquid LQ1 and the second liquid LQ2 
in that state. 

[0088] After the above-described alignment process- 
ing and calibration processing have been perfomied, the 
control apparatus CONT recovers the first liquid LQ 1 on 
the substrate P by the first liquid recovery mechanism 20 
in parallel with the supply operation of the first liquid LQ1 
onto the substrate P by the first liquid supply mechanism 
10 and, at the same time, emits the exposure light EL 
onto the substrate P to expose a pattern image of the 
mask M onto the substrate P via the projection optical 
system PL, the second liquid LQ2 in the second immer- 
sion region LR2 formed adjacent to the upper surface T2 
of the first optical element LS1 , and the first liquid LQ1 
in the first immersion region LR1 fonned adjacent to the 
lower surface T1 of the first optical element LS1 while 
moving the substrate stage PST holding the substrate P 
in the X axial direction (predetemnined scanning direc- 
tion). 

[0089] During exposure of the substrate P, supply op- 
eration and recovery operation of the second liquid LQ2 
are not performed by the second immersion mechanism 
2. In other words, exposure is perfonned via the second 
liquid LQ2 held in the second space K2. Vibration ac- 
companied by supply and recovery of the second liquid 
LQ2 does not occur during exposure of the substrate P 
by inhibiting supply and recovery of the second liquid 
LQ2 during exposure of the substrate P. Therefore, de- 
terioration In exposure accuracy due to vibration can be 
prevented. 



[0090] I nth is embodiment, the first optical element LS1 
made of a plane-parallel plate is disposed below the sec- 
ond optical element LS2 having lens power. Reflection 
loss on the lower surface T3 of the second optical element 

5 LS2 and on the upper surface T2 of the first optical ele- 
ment LSI is decreased by filling the first liquid LQ1 and 
the second liquid LQ2 into the first space K1 adjacent to 
the lower surface T1 of the first optical element LSI and 
the second space K2 adjacent to the upper surface T2, 

10 which allows the substrate P to be exposed satisfactori ly 
while a large image-side numerical aperture is ensured. 
[0091 ] When exposure of the substrate P Is completed, 
the control apparatus CONT stops supply of the first liquid 
LQ1 by the first liquid supply mechanism 10 and recovers 

15 the first liquid LQ1 in the first immersion region LR1 (the 
first liquid LQ1 in the first space K1) using, for example, 
the first liquid recovery mechanism 20. Furthermore, the 
control apparatus CONT recovers the first liquid LQ1 re- 
maining on the substrate P or on the substrate stage PST 

20 using, for example, the first collection port 22 of the first 
liquid recovery mechanism 20. 

[0092] In addition, after exposure of the substrate P 
has been completed, the control apparatus CONT recov- 
ers the second liquid LQ2 from the second immersion 

25 region LR2 formed in the second space K2 via the second 
collection port 42 of the second liquid recovery mecha- 
nism 40 and furthermore, supplies new second liquid LQ2 
to the second space K2 from the second supply outlet 
32 of the second liquid supply mechanism 30. By doing 

30 so, the second liquid LQ2 held in the second space K2 
is replaced. The second liquid in the second space K2 
can replaced with new one by perfomnlng recovery and 
supply operation of this second liquid LQ2 for a prede- 
tenmined period of time. When the second liquid in the 

35 second space K2 is to be replaced with a new one, the 
sealing member 64 may be omitted, and the second liquid 
LQ may be discharged via the through-hole 65 provided 
in the supporting member 60. 

[0093] After the first liquid LQ1 on the substrate P has 
40 been recovered, the control apparatus CONT moves the 
substrate stage PST supporting the substrate P to the 
unloading position and unloads the substrate P from the 
substrate stage PST, and then the substrate P to be sub- 
jected to exposure processing subsequently is loaded 
45 onto the substrate stage PST. The control apparatus 
CONT exposes the substrate P in the same sequence 
as that described above. 

[0094] This embodiment is constructed so as to re- 
place the second liquid LQ2 in the second space K2 for 

50 each substrate P to be exposed. However, the second 
liquid LQ2 in the second space K2 may be replaced at 
predetermined Intervals or every predetermined number 
of substrates that have been processed, as long as, for 
example, a change in temperature or degradation in the 

55 cleanness level of the second liquid LQ2 in the second 
space K2 does not adversely affect the exposure accu- 
racy. 

[0095] Supply and recovery of the second liquid LQ2 
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may be performed continuously during exposure of the 
substrate P and also before/after exposure of the sub- 
strate P. The second space K2 can always be filled with 
the clean second liquid LQ2 whose temperature is con- 
trolled by continuously perfonming supply and recovery 
of the second liquid LQ2. Also in this case, even if bubbles 
are mixed in the liquid, the bubbles can be smoothly re- 
covered via the second collection port 42. On the other 
hand, by performing exposure in a state where the sec- 
ond space K2 is filled with the second liquid LQ2 and 
intermittently replacing the second liquid LQ2 in the sec- 
ond space K2 as in this embodiment, vibration accom- 
panied by supply and recovery of the second liquid LQ2 
does not occur during exposure of the substrate P, as 
described above. Furthermore, in a structure where sup- 
ply and recovery of the second liquid LQ2 is continuously 
performed during exposure of the substrate P, if, for ex- 
ample, the per-unit-of time amount of supply and the per- 
unit-of time amount of recoveiv of the second liquid LQ2 
become unstable, the second liquid LQ2 in the second 
space K2 may leak or scatter, thereby spreading dam- 
age. Furthermore, iftheper-unit-oftime amount of supply 
and the per-unit-of time amount of recovery of the second 
liquid LQ2 become unstable, the second immersion re- 
gion LR2 may become dry, thereby causing an unwanted 
decrease in exposure accuracy. Forthis reason, the sec- 
ond immersion region LR2 is formed in a desired state 
by intermittently perfonning replacement of the second 
liquid LQ2 in the second space K2 to prevent the occur- 
rence of the above-described problems. If the replace- 
ment of the second liquid LQ2 in the second space K2 
is performed intemnittently, the second nozzle member 
72 may be in contact with the second optical element 
LS2 since vibration does not occur during exposure as 
described above. 

[0096] As described above, the exposure light EL that 
has passed through the mask M can be made to suc- 
cessfully reach the substrate P, thus satisfactorily expos- 
ing the substrate P, by filling the first liquid LQ1 in the 
first space K1 between the lower surface T1 of the first 
optical element LS1 and the substrate P and also filling 
the second liquid LQ2 in the second space K2 between 
the upper surface T2 of the first optical element LSI and 
the lower surface T3 of the second optical element LS2. 
Furthermore, since the first liquid LQ1 adjacent to the 
lower surface T1 of the first optical element LS1 comes 
Into contact with the substrate P, there is high possibility 
that the first optical element LS1 in contact with the first 
liquid LQ1 is contaminated. However, since the first op- 
tical element LS1 can be easily replaced, It Is sufficient 
to replace only the contaminated first optical element LS1 
with a new one (clean one). This ensures satisfactory 
exposure and measurement via the projection optical 
system PL Including the clean first optical element LS1 
and the first and second liquids LQ1 and LQ2. 
[0097] Since the second collection port 42 of the sec- 
ond immersion mechanism 2 is provided at a position 
higher than the lower surface T3 of the second optical 



element LS2, even if bubbles (air portion) exist in the 
second liquid LQ2 held between the upper surface T2 of 
the first optical element LS 1 and the lower surface T3 
of the second optical element LS2, the bubbles move 

5 upward due to the difference in specific gravity between 
the bubbles and the second liquid LQ2. Therefore, the 
second collection port 42 provided at a position higher 
than the lower surface T3 of the second optical element 
LS2 can smoothly recoverthe bubbles. Therefore, expo- 

10 sure processing and measurement processing can be 
satisfactorily perfomned in a state where bubbles in the 
second liquid LQ2 are removed. 
[0098] Furthermore, the detector 74 for detecting 
whether the second liquid LQ2 has leaked from the sec- 

15 ond space K2 between the first optical element LS1 and 
the second optical element LS2 is provided. Therefore, 
when the detector 74 has detected the second liquid LQ2, 
an appropriate measure for preventing the spread of 
damage due to the leaking second liquid LQ2 can be 

20 quickly taken. Therefore, undesired malfunction of de- 
vices or decrease in exposure accuracy and measure- 
ment accuracy can be prevented from occurring. 
[0099] I n the above-described embodiment, the inside 
face 72T of the second nozzle member 72 is Inclined 

25 along the side surface LT2 of the second optical element 
LS2. However, the inside face 72T of the second nozzle 
member 72 may be formed so as to be substantially par- 
allel to the vertical direction, as shown in FIG. 11 , so that 
the distance between the lower-end portion of the Inside 

30 face 72T of the second nozzle member 72 and a vicinity 
of the lower surface T3 of the second optical element 
LS2 is longer than the distances at other portions. By 
doing so, bubbles can be recovered more easily via the 
second collection port 42. 

35 [0100] In the above-described embodiment, the entire 
second collection port 42 is provided at a position higher 
than the lower surface T3, as shown in FIG. 1 0 and FIG. 

1 1 . However, at least part of the second collection port 
42 may be provided at a position higher than the lower 

40 surface T3, as shown in the schematic diagram of FIG. 

12. On the other hand, bubbles can be recovered (re- 
moved) more smoothly by providing the entire second 
collection port 42 at a position higher than the lower sur- 
face T3 as in the above-described embodiment. 

45 [0101] In the above-described embodiment, the lower 
surface T3 of the second optical element LS2 is shaped 
like a flat surface, and it is sufficient that the second col- 
lection port 42 Is provided at a position higher than the 
flat lower surface T3. However, It is also possible that, 

50 for example, the lower surface T3 of the second optical 
element LS2 is in a convex shape protruding downwards, 
as shown in FIG. 13. In this case, it is preferable that the 
second collection port 42 be provided at a position higher 
than an edge El of a convex region R1 of the lower sur- 

55 face T3, as shown In the schematic diagram of FIG. 13. 
As shown in the schematic diagram of FIG. 14, the sec- 
ond collection port 42 may be constructed so as to be 
disposed at a position higher than the highest position 
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E2 in the predetermined region AR2 through which the 
exposure light EL passes on the lower surface T3. By 
doing so, a problem such that bubbles exist in at least 
the region AR2 through which the exposure light EL pass- 
es can be prevented. 5 

<Second Embodiment> 

[0102] Next, as a second embodiment, a procedure 
for replacing the first optical element LS 1 will be de- io 

scribed. 

[0103] If impurities generated from the substrate P, 
such as foreign substances resulting from photosensitive 
agents (photoresist), are mixed into the first liquid LQ1 
in the first immersion region LR1 (the first space K1), is 
there is danger of the first liquid LQ1 being contaminated. 
Since the first liquid LQ1 in the first immersion region 
LR1 comes into contact with the lower surface T1 of the 
first optical element LSI , there Is possibility that the lower 
surface T1 of the first optical element LS1 is contaminat- 20 
ed by the contaminated first liquid LQ1. Furthermore, 
there is possibil'rty that impurities floating in the air are 
attached to the lower surface T1 of the first optical ele- 
ment LSI exposed to the image-plane side of the pro- 
jection optical system PL. For this reason, the contami- 
nated first optical element LSI is replaced with predeter- 
mined timing. 

[01 04] Before the first optical element LSI is replaced, 
the first nozzle member 71 is removed. Then, when the 
first optical element LS1 is to be replaced, the connection 3o 
(fixing) of the supporting member 60 to the second nozzle 
member 72 with the bolts 61 is released, as described 
above. Before releasing the connection, removal (extrac- 
tion) of the second liquid LQ2 existing in the second 
space K2 is performed. More specifically, as shown in 35 
FIG. 15, the lid 66 disposed on the through-hole 65 is 
first removed. As described in the first embodiment, the 
seating member 64 may be omitted, and therefore, the 
sealing member 64 is not shown in FIG. 15. When the 
lid 66 is removed, the second liquid LQ2 held in the sec- 
ond space K2, that is, the second liquid LQ2 in the second 
immersion region LR2 formed on the upper surface T2 
of the first optical element LS1 is discharged externally 
via the through-hole 65. Here, a liquid recovery device 
68 is positioned at a lower-end portion of the through- 45 
hole 65, and the second liquid LQ2 discharged via the 
through-hole 65 is recovered by the liquid recovery de- 
vice 68. The liquid recovery device 68 includes a collec- 
tion port 68A connected to a lower-end portion of the 
through-hole 65; a tank 68C which can accommodate so 
the recovered second liquid LQ2; and a tube member 
68B which connects the collection port 68A and the tank 
68C. 

[0105] Since the second collection port 42 of the sec- 
ond liquid recovery mechanism 40 is provided at a posi- ss 
tion higherthan the lowersurfaceTS of the second optical 
element LS2, it is difficult to completely remove the sec- 
ond liquid LQ2 in the second space K2 using the second 



liquid recovery mechanism 40. For this reason, the sec- 
ond liquid LQ2 in the second space K2 is discharged 
using the through-hole 65 provided in the supporting 
member 60. Since an upper-end portion of the through- 
hole 65 is provided at a position lower than the upper 
surface of the first optical element LSI , the second liquid 
LQ2 in the second space K2 can be satisfactorily dis- 
charged extemally via the through-hole 65 due to gravi- 
tation. After almost all of the second liquid LQ2 in the 
second space K2 has been discharged, the connection 
between the second nozzle member 72 and the support- 
ing member 60 with the bolts 61 is released. By doing 
so, the first optical element LSI can be removed from 
the barrel PK without scattering the second liquid LQ2 
overdevtees and members (e.g., the linearmotorfor driv- 
ing the substrate stage PST) constituting the exposure 
apparatus EX. Thereafter, when a new (clean) first optical 
element LSI is to be mounted, the supporting member 
60 holding the first optical element LSI is mounted on 
the second nozzle member 72 by providing the spacer 
member 62 as appropriate while adjusting the positional 
relationship of the first optical element LSI relative to the 
second optical element LS2. In the figure, only one 
through-hole 65 is shown. However, the through-hole 65 
can be provided at any two or more positions of the sup- 
porting member 60. 

[0106] In this embodiment, since the first optical ele- 
ment LS1 is easily attachable and detachable (replace- 
able) with respect to the barrel PK, degradation in the 
exposure accuracy due to contamination of an optical 
element and degradation in the measurement accuracy 
via the projection optical system PL can be prevented by 
replacing only the contaminated first optical element LS1 
with a clean first optical element LSI . On the other hand, 
the second liquid LQ2 in the second space K2 does not 
come into contact with the substrate P. In addition, since 
the second space K2 is a substantially closed space en- 
closed by the first optical element LSI , the second optical 
element LS2, and the barrel PK, impurities floating in the 
air are not easily mixed into the second liquid LQ2 in the 
second space K2, and impurities are not easily attached 
to the lower surface T3 of the second optical element 
LS2 or the upper surface T2 of the first optical element 
LSI . Therefore, the cleanness levels of the lower surface 
T3 of the second optical element LS2 and the upper sur- 
face T2 of the first optical element LSI are maintained. 
Consequently, the transmissivity of the projection optical 
system PL can be prevented from decreasing and the 
exposure accuracy and the measurement accuracy can 
be maintained merely by replacing the first optica! ele- 
ment LS1 . 

[0107] A structure where the first optical element LSI 
made of a plane-parallel plate is not provided and the 
liquid in the first immersion region LR1 is made to come 
into contact with the second optical element LS2 is also 

conceivable. However, in order to increase the image- 
side numerical aperture of the projection optical system 
PL, it is necessary to increase the effective diameters of 
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the optical elements, which inevitably increases the size 
of the optical element LS2. Since the above-described 
nozzle member and, though not shown in the figure, var- 
ious measuring apparatuses such as an alignment sys- 
tem are disposed around the optical element LS2, re- 5 
placing such a large-scale optical element LS2 is difficult. 
Furthemiore, since the optical element LS2 has refractive 
power (lens power), it is necessary to attach the optical 
element LS2 to the barrel PK with high positioning accu- 
racy in order to maintain an optical characteristic (Image- io 
forming characteristic) of the entire projection optical sys- 
tem PL. Therefore, to frequently attach or detach (re- 
place) such an optical element LS2 with respect to the 
ban^el PK Is not preferable also in terms of maintaining 
the optical characteristic of the projection optical system is 
PL (positioning accuracy of the optical element LS2). 
Since this embodiment Is constructed so as to provide a 
relatively compact plane-parallel plate as the first optical 
element LS 1 and to replace the first optical element LS1 , 
replacement can be performed easily with high worka- 20 
bility, and the optical characteristic of the projection op- 
tical system PL can also be maintained. By providing the 
first and second immersion mechanisms 1 and 2, which 
are capable of supplying and recovering the first and sec- 
ond liquids LQ1 and LQ2 independently with respect to 25 
the first space K1 adjacent to the lower surface T1 and 
the second space K2 adjacent to the upper surface T2 
of the first optical element LSI, the exposure light EL 
emitted from the illumination optical system IL can be 
made to satisfactorily reach the substrate P disposed at 30 
adjacent to the image-plane side of the projection optical 
system PL while maintaining the cleanness levels of the 
first and second liquids LQ1 and LQ2. 
[01 08] Furthennore, when the second liquid LQ2 in the 
second space K2 is to be discharged via the through- 35 
hole 65, a gas may be supplied (blown out) from the sec- 
ond supply outlet 32, as shown in FIG. 16, and the blown- 
out gas may be supplied to the second space K2, includ- 
ing the upper surface T2 of the first optical element LS1 . 
In the example shown in FIG. 16, a gas supply system 
90 is connected via a valve 91 to the supply pipe 33 which 
is connected to the second supply outlet 32. By switching 
the valve 91 , when the passage connecting the second 
supply outlet 32 and the second liquid supply portion 31 
is open, the passage connecting the second supply outlet 45 
32 and the gas supply system 90 is closed, whereas when 
the passage connecting the second supply outlet 32 and 
the second liq uid supply portion 31 is closed, the passage 
connecting the second supply outlet 32 and the gas sup- 
ply system 90 is opened. so 
[01 09] When liquid discharging from the second space 
K2 via the through-hole 65 (including replacement of the 
first optical element or replacement of the second liquid 
LQ2 with a new one) is to be perfomned, the control ap- 
paratus CONT drives the valve 91 to open the passage 55 
connecting the second supply outlet 32 and the gas sup- 
ply system 90 and blows a gas onto the upper surface 
T2 of the first optical element LSI from the second supply 



outlet 32. By blowing a gas in parallel with liquid discharg- 
ing from the second space K2 via the through-hole 65, 
liquid (droplets) attached to the upper surface T2 of the 
first optical element LSI smoothly moves to the through- 
hole 65 by the circulation of the blown gas. Therefore, 
the second liquid LQ2 existing in the second space K2 
can be removed more satisfactorily. When a gas is to be 
blown, it is preferable to supply a highly humid gas at the 
start of liquid discharging and to supply a demoistured 
gas (e.g., dry air) in a predetermined period of time. Al- 
ternatively, a gas which is gradually demositured from 
the start of liquid discharging may be supplied. By doing 
so, an abrupt decrease in temperature due to heat of 
vaporization can be prevented. 
[0110] In the embodiment shown in FIG. 16, a gas is 
supplied from the second supply outlet 32. However, a 
gas can be supplied from the second collection port 42 
depending on, for example, the position where the 
through-hole 65 is provided. Furthermore, a plurality of 
through-holes may be provided in the su pporti ng member 
60, a gas supply system 90' may be connected to a 
through-hole 65', which is different from the through-hole 
65 to which the liquid recovery device 68 is connected, 
as shown in FIG. 1 7, and a gas may be supplied to the 
second space K2 via the thro ugh- hole 65' provided in the 
supporting member 60. At this time, the through-hole 65' 
functions as a gas port provided in the supporting mem- 
ber 60. The gas ejected from the through-hole 65' is 
blown onto, for example, the lower surface T3 of the sec- 
ond optical element LS2 or the upper surface T2 of the 
first optical element LSI. Therefore, the second liquid 
LQ2 attachedtothe uppersurfaceT2 orthe lowersurface 
T3 can be moved to the through-hole 65. 
[01 1 1] In this embodiment, the through-hole 65 Is pro- 
vided in the supporting member 60 holding the first optical 
element LS 1 which is closest to the image plane of the 
projection optical system PL, and the second liquid LQ2 
in the second immersion region LR2 fomried on the upper 
surface T2 of the first optical element LSI is discharged 
via the through-hole 65. However, there is possibility that 
an immersion region for liquid is fonned on the upper 
surfaces of the other optical elements (LS2 to LS7). In 
such a case, a through-hole can be fonned in a support- 
ing member holding an optical element on whose upper 
surface an immersion region for liquid is to be fomned. 

<Third Embodiment> 

[0112] A third embodiment will be described with ref- 
erence to FIG. 18. This embodiment is characterized in 
that the second nozzle member 72 holds the first optical 
element LS1 by vacuum attraction. In FIG. 18, the second 
nozzle member 72 includes a holding portion 100 for 
holding the first optical element LS1 by vacuum attrac- 
tion. In the second nozzle member 72, the holding portion 
1 00 is provided on the lower surface 72K facing the upper 
surface T2 of the first optical element LSI . On the upper 
surface T2 of the first optical element LSI . the lower sur- 
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face 72K of the second nozzle member 72 opposes a 
region different from the region through which the expo- 
sure light EL passes. The holding portion 1 00 includes a 
vacuum attraction groove 101 fomned in an annular 
shape on the lower surface 72K of the second nozzle s 
member 72. A suction hole connected to the vacuum 
system (not shown in the figure) is fomied In part of the 
vacuum attraction groove 101. The holding portion 100 
provided in the second nozzle member 72 holds the first 
optical element LS 1 by vacuum attraction by driving the io 
vacuum system while the lower surface 72K of the sec- 
ond nozzle member 72 is in contact with the upper sur- 
face T2 of the first optical element LS1 . Furthennore, a 
second holding portion 102 including a leaf spring 103 is 
provided in the second nozzle member 72. The second is 
holding portion 1 02 can hold part of the perimeter of the 
first optical element LSI by the leaf spring 1 03. By doing 
so, when holding of the first optical element LSI by vac- 
uum attraction is not perfomned by the holding portion 
100, the second holding portion 102 can hold the first 
optical element LSI to prevent the first optical element 
LSI from falling. 

[0113] As described above, since the first optical ele- 
ment LSI is held by vacuum attraction by the holding 
portion 100 provided In the second nozzle member 72, 2S 
the first optical element LSI can be easily attached/de- 
tached (replaced) with respect to the second nozzle 
member 72. Therefore, replacing the first optical element 
LSI with a new one (clean one) can be smoothly per- 
formed with high workability. In addition, since the holding 30 
portion 1 00 is provided in the second nozzle member 72, 
the supporting member 60 described In the foregoing first 
and second embodiments can be omitted. Furthemiore, 
the number of components in the apparatus can be re- 
duced, the apparatus can be made simple (small), and 35 
the cost of the apparatus can be reduced compared with 
a structure where a vacuum-attraction portion is provided 
separately from the second nozzle member 72. 
[0114] In the above-described first to third embodi- 
ments, the barrel PK is a member different from the sec- 40 
ond nozzle member 72, and the barrel PK is integrated 
with the second nozzle member 72 when the second noz- 
zle member 72 is connected to a lower-end portion of the 
barrel PK. Alternatively, the second supply outlet 32, the 
second collection port 42, the second supply passage 45 
34, and the second recovery passage 44 may be fomned 
in the barrel PK. In short, the barrel PK may be allowed 
to have the function of the second nozzle member 72. In 
this case, the barrel PK (the second nozzle member 72) 
holds the optical elements LS2 to LS7 and furthermore, so 
holds the first optical element LSI by vacuum attraction 
by providing the holding portion 100, described in the 
third embodiment, on a lower-end face of the barrel PK. 
Thus, the first optical element LSI can be easily attached 
and detached. ss 
[0115] Although the first nozzle member 71 is separat- 
ed from the barrel PK in the above-described first to third 
embodiments, the first nozzle member 71 may be fixed 



to the barrel PK, as long as deterioration in exposure 
accuracy due to vibration is minor. 
[0116] In the above-described first to third embodi- 
ments, from among the plurality of optical elements LSI 
to LS7, at least the first and second optical elements LSI 
and LS2, which are in contact with the first and second 
liquids LQ1 and LQ2, are formed of quartz. Since quartz 
has high affinity with the first and second liquids LQ1 and 
LQ2 as water, the first and second liquids LQ1 and LQ2 
can be brought into close contact with almost all area of 
the lower surface T1 and the upper surface T2, which 
are liquid-contact surtaces of the first optical element 
LSI , and the lower surface T3, which is a liquid-contact 
surface of the second optical element LS2. Therefore, 
the optical path between the second optical element LS2 
and the first optical element LSI can be filled with the 
second liquid LQ2, and furthermore, the optical path be- 
tween the first optical element LS1 and the substrate P 
can be filled with the first liquid LQ1 while the first and 
second liquids LQ1 and LQ2 are made to be in close 
contact with the liquid-contact surfaces of the first and 
second optical elements LSI and LS2 to prevent bubbles 
from occurring. 

[01 1 7] Furthemnore, since quartz is a material having 
a large index of refraction, the size of, for example, the 
second optical element LS2 can be reduced, and there- 
fore, the overall sizes of the projection optical system PL 
and the exposure apparatus EX can be reduced. In ad- 
dition, since quartz is resistant to water, it is advanta- 
geous, for example. In that It is not necessary to provide 
a protection film on the above-described liquid-contact 
surfaces. 

[01 1 8] At least one of the first and second optical ele- 
ments LS1 and LS2 may be made of fluorite which has 
high affinity with water. Furthermore, for example, the 
optical elements LS3 to LS7 may be fomned of fluorite, 
while the optical elements LSI and LS2 may be formed 
of quartz. Alternatively, all of the optical elements LS1 to 
LS7 may be formed of quartz (or fluorite), 
[0119] In addition, hydrophillcity (lyophillcity) treat- 
ment may be applied to the liquid-contact surfaces of the 
first and second optical elements LSI and LS2 (e.g., ap- 
plying lyophilic materials such as MgFg, AI2O3, or Si02) 
to increase affinity with the first and second liquids LQ1 
and LQ2. Altematively, since the first and second liquids 
LQ1 and LQ2 in this embodiment are water with large 
polarity, the liquid-contact surfaces of these optical ele- 
ments LSI and LS2 can be made hydrophilic by forming 
a thin film of material of molecular structure with large 
polarity, such as alcohol, for lyophillcity treatment (hy- 
drophillcity treatment). 

[0120] On the other hand, problems, for example, in 
that the first liquid LQ1 leaks to the outside of the sub- 
strate stage PST or the first liquid LQ1 remains on the 
substrate stage PST after recovery operation of the first 
liquid LQ1 has been performed subsequently to, for ex- 
ample, the completion of immersion exposure can be pre- 
vented from occurring by making, for example, the upper 
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surface 56 of the substrate stage PST liquid-repellent. 
Such liquid-repellency treatment for endowing liquid-re- 
pelient property includes treatment such as applying liq- 
uid-repellent materials, for example, fluorocarbon resin 
material (including fluorocarbon rubber) such as poly- s 
tetrofluroethelene (Teflon (registered trademark)), acryl- 
ic resin material, silicon resin material, and PFA 
(tetrafluoroethylene-perfluoroalkoxy ethylene copoly- 
mer). By endowing the upper surface 56 of the substrate 
stage PST with liquid-repellent property, leakage of the io 
first liquid LQ1 to the outside of the substrate P (outside 
of the upper surface 56) can be prevented during immer- 
sion exposure, and furthermore, the first liquid LQ1 can 
be smoothly recovered even after Immersion exposure, 
thus preventing a problem such that the first liquid LQ1 15 
remains on the upper surface 56. 

< Fourth Embodiment> 

[01 21 J A fourth embodiment will be described, FIG. 19 
is a schematic block diagram showing the exposure ap- 
paratus EX according to the fourth embodiment, and FIG 
20 and FIG. 21 are enlarged views of the main part of 
FIG. 19. In the following description, components same 
as or equivalent to those in the first embodiment are de- 25 
scribed only briefly, or a description thereof is omitted. 
[0122] The exposure apparatus EX of this embodiment 
includes a first immersion mechanism 201 for filling a 
liquid LQ in the first space K1 , which is an optical path 
space of the exposure light EL between the first optical so 
element LSI and the substrate P. The first immersion 
mechanism 201 is disposed adjacent to the first space 
K1 and includes aflrst nozzle member 271 having a sup- 
ply outlet 21 2 for supplying the liquid LQ and a collection 
port 222 for recovering the liquid LQ; a first liquid supply 35 
apparatus 21 1 for supplying the liquid LQ via a supply 
pipe 213 and the supply outlet 212 provided in the first 
nozzle member 271 ; and a first liquid recovery apparatus 

221 for recovering the liquid LQ via the collection port 

222 provided in the first nozzle member 271 and a re- 40 
covery pipe 223. The operation of the first immersion 
mechanism 201 including the first liquid supply apparatus 

21 1 and the first liquid recovery apparatus 221 Is con- 
trolled by the control apparatus CONT. 
[0123] Furthermore, the exposure apparatus EX in- 45 
eludes a second immersion mechanism 202 for filling the 
liquid LQ in the second space K2, which Is an optical path 
space of the exposure light EL between the first optical 
element LSI and the second optical element LS2. The 
second Immersion mechanism 202 is disposed adjacent 50 
to the second space K2 and Includes a second nozzle 
member 272 having a supply outlet 232 for supplying the 
liquid LQ and a collection port (242) for recovering the 
liquid LQ; a second liquid supply apparatus 231 for sup- 
plying the liquid LQ via a supply pipe 233 and the supply 55 
outlet 232 provided in the second nozzle member 272; 
and a second liquid recovery apparatus 241 for recover- 
ing the liquid LQ via the collection port (242) provided in 



the second nozzle member272 and a recovery pipe 243. 
The collection port (242) is not shown in FIG. 19 to FIG. 
21. 

[0124] Furthermore, the second immersion mecha- 
nism 202 is formed between the first optical element LSI 
and the second nozzle member 272 and Includes a dis- 
charge outlet 252 for discharging the liquid LQ in the sec- 
ond space K2; a collection member 255 for collecting the 
liquid LQ discharged from the discharge outiet 252; and 
a suction apparatus 251 for suck-recovering, via a suc- 
tion pipe 253, the liquid LQ collected by the collection 
member 255. The operation of the second immersion 
mechanism 202 Including the second liquid supply ap- 
paratus 231, the second liquid recovery apparatus 241, 
and the suction apparatus 251 is controlled by the control 
apparatus CONT control. 

[01 25] Also in this embodiment, pure water is used as 
the liquid LQ. 

[0126] Next, the first immersion mechanism 201 will 
be described with reference to FIG 21 . FIG. 21 is a sec- 
tional side view of a vicinity of the first nozzle member 
271 . The first liquid supply apparatus 21 1 of the first im- 
mersion mechanism 201 supplies the liquid LQ to fill the 
liquid LQ In the first space K1, which is an optical path 
space between the first optical element LSI and the sub- 
strate P, and includes a tank which stores the liquid LQ; 
a pressurizing pump; a temperature-regulating appara- 
tus for adjusting the temperature of the liquid LQ to be 
supplied; a filter unit for removing foreign substances In 
the liquid LQ; and so forth. One end portion of the supply 
pipe 213 is connected to the first liquid supply apparatus 
21 1 , and the other end portion of the supply pipe 213 is 
connected to the first nozzle member 271 . The liquid sup- 
ply operation of the first liquid supply apparatus 21 1 is 
controlled by the control apparatus CONT. The exposure 
apparatus EX does not need to include all of the tank, 
the pressurizing pump, the temperature-regulating ap- 
paratus, the filter unit, and so forth in the first liquid supply 
apparatus 21 1 , and facilities In the factory where the ex- 
posure apparatus EX is installed may be used instead. 
[0127] The first liquid recovery apparatus 221 of the 
first immersion mechanism 201 recovers the liquid LQ 
held In the first space K1 , which is the optical path space 
between the first optical element LS1 and the substrate 
P, and includes a vacuum system such as a vacuum 
pump; a gas-liquid separator for separating a gas from 
the recovered liquid LQ; a tank which stores the recov- 
ered liquid LQ; and so forth. One end portion of the re- 
covery pipe 223 is connected to the first liquid recovery 
apparatus 221 , and the other end portion of the recovery 
pipe 223 is connected to the first nozzle member 271. 
The liquid recovery operation of the first liquid recovery 
apparatus 221 Is controlled by the control apparatus 
CONT. The exposure apparatus EX does not need to 
include all of the vacuum system, the gas-liquid separa- 
tor, the tank, and so forth in the first liquid recovery ap- 
paratus 221 , and facilities in the factory where the expo- 
sure apparatus EX is installed may be used instead. 
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[0128] The first nozzle member 271 is an annular 
shape member provided so as to enclose the first optical 
element LS1 and has, at the central portion thereof, a 
hole portion 271 H which can accommodate part of the 
first optical element LS1 . The first nozzle member 271 5 
has a bottom plate portion 273 facing the surface of the 
substrate P held on the substrate stage PST; an inclined 
plate portion 274 facing a side surface LT of the first op- 
tical element LS 1 ; a side plate portion 275; and a top 
plate portion 276. The Inclined plate portion 274 is fomned io 
in a bowl shape, and the first optical element LS 1 is 
disposed on the inner side of the hole portion 271 H 
formed by the inclined plate portion 274. The side surface 
LT of the first optical element LSI opposes an inside face 
271T of the hole portion 271 H in the first nozzle member 15 
271 with a predetermined gap therebetween. The bottom 
plate portion 273 is disposed between the lower surface 
T1 of the first optical element LS1 and the substrate P. 
An opening 277 through which the exposure light EL 
passes is fomned in the bottom plate portion 273. An up- zo 
persurface 273A of the bottom plate portion 273 opposes 
the lower surface T1 of the first optical element LSI with 
a predetenmined gap therebetween, and a lower surface 
273B of the bottom plate portion 273 opposes the surface 
of the substrate P with a predetermined gap therebe- 25 
tween. The upper surface 273A of the bottom plate por- 
tion 273 is connected to a lower-end portion of the inside 
face 271 T. The lower surface 273B of the bottom plate 
portion 273 is a flat surface. 

[0129] The first nozzle member 271 includes the sup- so 
ply outlet 21 2 for supplying the liquid LQ to the first space 
K1 , which is an optical path space of the exposure light 
EL, and the collection port 222 for recovering the liquid 
LQ of the first space K1. Furthermore, the first nozzle 
member 271 includes a supply passage 214 connected 35 
to the supply outlet 212 and a recovery passage 224 
connected to the collection port 222. 
[01 30] The supply outlet 21 2 supplies the liquid LQ to 
the first space K1 and is provided adjacent to the upper 
surface 273A of the bottom plate portion 273 on the inside 
face 271 T of the first nozzle member 271. The supply 
outlet 212 is provided outside the first space K1, and in 
this embodiment the supply outlet 212 is provided on 
each side of the first space K1 in the X axial direction. 
The supply outlet 21 2 may be provided on each side of 45 
the first space K1 in the Y axial direction, or a plurality of 
the supply outlets 21 2 may be provided so as to enclose 
the first space K1 . 

[0131] The supply passage 214 is fonrted of a slit- 
shaped through-hole which passes through the inclined so 
plate portion 274 of the first nozzle member 271 along 
an oblique direction. The supply outlet212 andthe supply 
pipe 21 3 are connected via the supply passage 214. The 
other end portion of the supply pipe 213 is connected to 
the upper-end portion of the supply passage 214, and ss 
the supply outlet 212 is connected to the lower-end por- 
tion of the supply passage 214. Therefore, the first liquid 
supply apparatus 21 1 and the supply outlet 21 2 are con- 



nected via the supply pipe 213 and the supply passage 
21 4, and the liquid LQ is supplied to the supply outlet 21 2 
from the first liquid supply apparatus 21 1 . 
[0132] The liquid LQ supplied from the supply outlet 
212 is filled in a predetermined space K10 between the 
projection optical system PL and the lower surface of the 
first nozzle member 271 andthe surface of the substrate 
P, including the first space K1 . The liquid LQ is held be- 
tween the projection optical system PL and the first noz- 
zle member 271 and the substrate P. 
[0133] The collection port 222 recovers the liquid LQ 
in the optical path space K1 and is provided on the lower 
surface opposing the substrate P in the first nozzle mem- 
ber 271 . The collection port 222 is provided in an annular 
shape so as to enclose the first space K1 at the outside 
of the supply outlet 21 2 and the bottom plate portion 273 
with respect to the first space K1 . 
[0134] The recovery passage 224 is provided inside 
the first nozzle member 271 . In the first nozzle member 
271 , a space which opens downwards is fomned between 
the inclined plate portion 274 and the side plate portion 
275, and the recovery passage 224 is formed of the 
space. The collection port 222 is disposed in the opening 
of the space and ts connected to the recovery passage 
224. The other end portion of the recovery pipe 223 is 
connected to part of the recovery passage 224. There- 
fore, the first liquid recovery apparatus 221 and the col- 
lection port 222 are connected via the recovery passage 

224 and the recovery pipe 223. By placing the recovery 
passage 224 Into negative pressure, the first liquid re- 
covery apparatus 221 , Includingthe vacuum system, can 
recover, via the collection port 222, the liquid LQ existing 
in the predetemnined space K1 0 between the first nozzle 
member 271 and the projection optical system PL and 
the substrate P, including the first space K1. The liquid 
LQ held In the first space K1 (the predetermined space 
K1 0) flows into the recovery passage 224 via the collec- 
tion port 222 of the first nozzle member 271, and the 
liquid LQ that has flowed into the recovery passage 224 
Is recovered by the first liquid recovery apparatus 221 . 
[0135] The first nozzle member 271 Includes a porous 
member 225 having a plurality of holes provided so as 
to enclose the collection port 222. The porous member 

225 is fonned In an annular shape in plan view. The po- 
rous member 225 can be made of, for example, a mesh 
member having a plurality of holes. Materials of which 
the porous member 225 can be formed include quartz, 
titanium, stainless steel (e.g., SUS31 6). and ceramics or 
hydrophillc materials. The first liquid recovery apparatus 
221 of the first immersion mechanism 201 recovers the 
liquid LQ in the first space K1 (the predetemnined space 
K1 0) via the porous member 225. 

[0136] Next, the second immersion mechanism 202 
will be described with reference to FIG. 20 and FIG. 22 
to FIG. 28. FIG. 22 is a schematic top view of a vicinity 
of the first optical element LSI and the second nozzle 
member 272. FIGS. 23A and 23B are diagrams showing 
the first optical element LSI supported by the second 
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nozzle member 272. FIG. 23A is a top view, and FIG. 
23B is a bottom view. FIG. 24 is a bottom view of the 
projection optical system PL. FIG. 25 is a cross-sectional 
perspective view of a vicinity of the second nozzle mem- 
ber 272. FIG. 26 to FIG. 28 are enlarged cross-sectional 5 
views of the main part of the second nozzle member 272. 
FIG. 26 con-esponds to a cross-sectional view taken 
along line A-A of FIG. 24. FIG. 27 corresponds to a cross- 
sectional view taken along line B-B of FIG 24. FIG. 28 
corresponds to a cross-sectional view taken along line io 
C-C of FIG 23 A. 

[0137] As shown in FIG. 20, the first optical element 
LS 1 is a plane-paraliei plate that can transmit the expo- 
sure light EL and has no refractive power, and the upper 
surface T2 and the lower surface T1 are parallel. The is 
first optical element LSI has the flange portion F1 . The 
second nozzle member 272 is provided so as to enclose 
the flange portion F1 of the first optteal element LSI. A 
support portion 280 for supporting the outer circumfer- 
ential portion (the flange portion F1) of the first optical 20 
element LSI is provided in the second nozzle member 
272. The lower surface T1 and the upper surface T2 of 
the first optical element LSI supported by the support 
portion 280 are substantially parallel to the XY plane. 
Since the surface of the substrate P supported on the ^5 
substrate stage PST is substantially parallel to the XY 
plane, the lower surface T1 and the upper surface T2 are 
substantially parallel to the surface of the substrate P 
supported on the substrate stage PST. 
[0138] The second optical element LS2 is an optical 30 
element having refractive power (lens power) and has 
the flat lower surface T3 and the upper surface T4 which 
is formed in a convex shape protruding towards the ob- 
ject-surface side (the mask M) to exhibit positive refrac- 
tive power. Since the upper surface T4 of the second 35 
optical element LS2 has positive refractive power, reflec- 
tion loss in the light (the exposure light EL) incident upon 
the upper surface T4 is reduced, which eventually en- 
sures a large image-side numerical aperture. 
[0139] The second optical element LS2 has a flange 40 
portion F2. The flange portion F2 of the second optical 
element LS2 is supported by the support mechanism 258 
provided at a lower-end portion of the barrel PK. The 
second optical element LS2 having refractive power (lens 
power) is supported by the support mechanism 258 of 45 
the barrel PK in a satisfactorily positioned state. The low- 
er surface T3 of the second optical element LS2 support- 
ed by the support mechanism 258 and the upper surface 
T2 of the first optical element LS1 supported by the sup- 
port portion 280 of the second nozzle member 272 are 50 
substantially parallel. 

[01 40] The second liquid supply apparatus 231 of the 
second immersion mechanism 202 supplies the liquid 
LQ to fill the liquid LQ in the second space K2, which is 
an optical path space between the upper surface T2 of 5S 

the first optical element LSI and the lower surface T3 of 
the second optical element LS2, and has a similar struc- 
ture as that of the first liquid supply apparatus 21 1 of the 



first immersion mechanism 201 . In short, the second liq- 
uid supply apparatus 231 includes a tank for accommo- 
dating the liquid LQ, a pressurizing pump, a temperature 
regulator for adjusting the temperature of the liquid LQ 
to be supplied, a filter unit for removing foreign substanc- 
es in the liquid LQ, and so forth. One end portion of the 
supply pipe 233 is connected to the second liquid supply 
apparatus 231, and the other end portion of the supply 
pipe 233 is connected to the second nozzle member 272. 
The liquid supply operation of the second liquid supply 
apparatus 231 is controlled by the control apparatus 
CO NT. 

[0141] The second nozzle member 272 is connected 
to a lower-end portion (lower surface) of the barrel PK 
and is supported on the barrel PK. In this embodiment, 
the first optical element LS1 and the second nozzle mem- 
ber 272 supporting the first optical element LSI are pro- 
vided so as to be attachable/detachable with respect to 
the barrel PK. The supply outlet 232 for supplying the 
liquid LQ to the second space K2 is provided in a prede- 
temnined position of the second nozzle member 272 sup- 
porting the first optical element LS 1. The supply outlet 
232 supplies the liquid LQ to the upper surface T2 of the 
first optical element LS1 so thatthe predetermined region 
AR2 through which the exposure light EL passes on the 
upper surface T2 of the first optical element LSI forms 
the second immersion region LR2 and is provided outside 
the predetermined region AR2. 
[0142] The supply outlet 232 is provided at a position 
opposing the second space K2 on an inside face 272T 
of the second nozzle member 272. In this embodiment, 
the supply outlet 232 is provided at a predetermined po- 
sition on the -X side from the predetennined region AR2 
inthesecond nozzle member272. Furthemnore, a supply 
passage 234, which is an internal passage connecting 
the supply outlet 232 and the supply pipe 233, is provided 
inside the second nozzle member 272. 
[0143] As shown in FIG. 20 and FIG. 22 to FIG. 26, 
the discharge outlet 252 for discharging the liquid LQ 
from the second space K2 is formed between the flange 
portion F1 of the first optical element LSI and the second 
nozzle member 272. The upper-end portion of the dis- 
charge outlet 252 is provided at a position substantially 
the same height as or lower than the predetennined re- 
gion AR2 on the upper surface T2 of the first optical el- 
ement LS 1 . 

[0144] As shown in FIG. 22, a cut portion 278A is 
formed in a predetennined position of the inner marginal 
portion of the second nozzle member 272, and a cut por- 
tion 278B is also formed in a predetennined position of 
the outer marginal portion (the flange portion F1 ) of the 
first optical element LS 1 . The discharge outlet 252 is 
provided between the cut portion 278A of the second 
nozzle member 272 and the cut portion 2788 of the first 
optical element LSI. Furthermore, the discharge outlet 
252 is provided outside the predetermined region AR2. 
[01 45] The discharge outlet 252 is provided at the op- 
posite side of the predetermined region AR2, through 



22 



43 



EP 1 843 384 A1 



44 



which the exposure light EL passes, on the uppersurface 
T2 of the first optical element LSI from the supply outlet 
232, that is, at a position symmetrical to the supply outlet 
232 about the predetermined region AR2. In this embod- 
iment, the discharge outlet 252 is provided on the +X side 
of the predetemnined region AR2. Furthermore, the cut 
portion 278A of the second nozzle member 272 is fornned 
in a "U" shape in plan view, and the cut portion 278B of 
the first optical element LS1 is fomned In a line in plan 
view. The discharge outlet 252 fomned between the first 
optical element LSI and the second nozzle member 272 
is substantially rectangular in plan view. 
[0146] Furthermore, as shown in, for example, FIG. 
20, FIG 25, and FIG. 26, the discharge outlet 252 is con- 
nected to the flange portion F1 of the first optical element 
LSI and to the space below the second nozzle member 
272 via a discharge passage 254. In other words, the 
discharge passage 254 is a through-hole connecting the 
spaces below and above the flange portion F1 of the first 
optical element LS1 and the second nozzle member 272. 
The discharge passage 254 is fomned between the cut 
portion 278A of the second nozzle member 272 and the 
cut portion 278B of the first optical element LS1 . 
[0147] The collection member 255 for collecting the 
liquid LQ discharged from the discharge outlet 252 is 
provided below the flange portion F1 of the first optical 
element LS1 and the second nozzle member 272. The 
collection member 255 is connected to at least one of 
the lower surface of the flange portion F 1 of the first 
optical element LS1 and the lower surface of the second 
nozzle member 272. In this embodiment, the collection 
member 255 is connected to the lower surtace of the 
second nozzle member 272. Furthermore, the collection 
member 255 is attachable and detachable with respect 
to the second nozzle member 272. The second nozzle 
member 272 and the collection member 255 may be 
formed integrally. 

[0148] The collection member 255 has an opening 
255K at the upper part thereof and is a container that can 
accommodate the liquid LQ. The discharge passage 254 
is connected to the opening 255K of the collection mem- 
ber 255 via a space. Therefore, the liquid LQ discharged 
via the discharge outlet 252 from the second space K2 
flows through the discharge passage 254 and is then 
collected in the collection member 255. 
[0149] As shown in, for example, FIG. 20, FIG. 22, and 
FIG. 25, the suction apparatus 251 is connected to the 
collection member 255 via the suction pipe 253. The suc- 
tion apparatus 251 sucl^-recovers the liquid LQ that has 
been discharged from the discharge outlet 252 and col- 
lected in the collection member 255 and includes a vac- 
uum system such as a vacuum pump, a gas-liquid sep- 
arator for separating a gas from the recovered liquid LQ, 
a tani( for accommodating the recovered liquid LQ, and 
so forth. One end portion of the suction pipe 253 is con- 
nected to the suction apparatus 251 , and the other end 
portion of the suction pipe 253 is connected to the col- 
lection member 255. The suction and recovery operation 



of the suction apparatus 251 is controlled by the control 
apparatus CONT The control apparatus CONT suck- 
recovers the liquid LQ collected in the collection member 
255 by driving the suction apparatus 251 . 

5 [01 50] In FIG. 20 and FIG, 28, the second liquid recov- 
ery apparatus 241 of the second immersion mechanism 
202 recovers the liquid LQ in the second space K2, which 
is an optical path space between the upper surface T2 
of the first optical element LS 1 and the lower surface T3 

10 of the second optical element LS2, and has a similar 
stmcture as that of the first liquid recovery apparatus 221 
of the first immersion mechanism 201 . More specifically, 
the second liquid recovery apparatus 241 includes a vac- 
uum system such as a vacuum pump; a gas-liquid sep- 

15 arator for separating a gas from the recovered liquid LQ; 
a tank which stores the recovered liquid LQ; and so forth. 
One end portion of the recovery pipe 243 is connected 
to the second liquid recovery apparatus 241 , and the oth- 
er end portion of the recovery pipe 243 is connected to 

20 the second nozzle member 272. The liquid recovery op- 
eration of the second liquid recovery apparatus 241 is 
controlled by the control apparatus CONT. 
[0151] As shown in, for example, FIG. 22, FIG. 23A, 
FIG. 25, and FIG. 28, the collection port 242 for recov- 

25 ering the liquid LQ is connected to a predetermined po- 
sition of the second nozzle member 272. The collection 
port 242 is for recovering the liquid LQ of the second 
space K2 and is provided on the inside face 72T of the 
second nozzle member 272 and at a position higherthan 

30 the predetermined region AR2 on the upper surface T2 
of the first optical element LSI . 
[0152] On the inside face 272T of the second nozzle 
member 272, the collection port 242 is provided at the 
opposite side of the predetermined region AR2 from the 

35 supply outlet 232 and adjacent to the discharge outlet 
252. In this embodiment, the collection port 242 is pro- 
vided at a predetermined position on each side of the 
discharge outlet 252 on the inside face 272T of the sec- 
ond nozzle member 272. 

40 [01 53] The collection port 242 is connected to the sec- 
ond liquid recovery apparatus 241 via a recovery pas- 
sage 244 formed inside the second nozzle member 272 
and the recovery pipe 243. By driving the second liquid 
recovery apparatus 241 including the vacuum system, 

45 the control apparatus CONT can recover the liquid LQ 
between the first optical element LS1 and the second 
optical element LS2, including the second space K2, via 
the collection port 242. In the same manner as with the 
collection port 222 of the first immersion mechanism 201 , 

50 a porous member may be provided on the collection port 
242 of the second immersion mechanism 202. 
[0154] As shown in, for example, FIGS. 23A and 238, 
FIG. 24. and FIG. 27, the support portion 280 for sup- 
porting the first optical element LSI is provided in the 

55 second nozzlemember272.Thesupportportion 280pro- 
vlded in the second nozzle member 272 supports the 
flange portion F1 provided at the outer circumferential 
portion of the first optical element LSI and includes a 
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protrusion 281 which is provided on a predetermined sur- 
face 279, in the second nozzle member 272, facing the 
peripheral region of the upper surface T2 of the first op- 
tica! elennent LS 1 and which is In contact with the upper 
surface T2 of the first optical element LS1 ; and a plank- 
shaped member 282 which is mounted on the lower sur- 
face of the second nozzle member 272 and supports the 
lower surface of the flange portion F1 of the first optical 
element LSI . The predetermined surface 279 is provided 
in a substantially toric shape along the perimeter of the 
upper surface 12 of the first optical element LSI at the 
portion other than the cut portion 278A. The protrusion 
281 is provided along the circumferential direction of the 
predetermined surface 279 at each of a plurality of pre- 
determined positions and protrudes down wards from the 
predetermined surface 279 towards the upper surface 
T2 of the first optical element LSI. In this embodiment, 
the protrusions 281 are provided along the circumferen- 
tial direction of the predetemnined surface 279 at three 
locations separated at predetermined intervals. In addi- 
tion, a predetermined gap G12 is formed between the 
predetermined surface 279 of the second nozzle member 
272 and the upper surface T2 of the first optical element 
LS by the protrusions 281 . 

[0155] The plank-shaped member 282 includes an 
elastic member such as a leaf spring. One end portion 
thereof (the end portion distant from the optical axis AX) 
is f ixed to the lower surface of the second nozzle member 
272 with, for example, a bolt member, and the other end 
portion thereof (the end portion adjacent to the optical 
axis AX) is in contact with the lower surface of the flange 
portion F1 of the first optical element LSI . As shown in, 
for example, FIGS. 23A and 23B and FIG. 24, the plank- 
shaped member 282 is provided at each of a plurality of 
predetermined positions along the circumferential direc- 
tion of the second nozzle member 272, and in this em- 
bodiment, the plank-shaped members 282 are provided 
along the circunnferentiat direction of the second nozzle 
member 272 at three locations separated at predeter- 
mined intervals. 

[01 56J In this manner, the second nozzle member 272 
includes a function as a supporting mechanism for sup- 
porting the first optical element LSI and a function as an 

immersion mechanism forfonning the second immersion 
region LR2. 

[0157] As described above, the second nozzle mem- 
ber 272 supporting the first optical element LS 1 is pro- 
vided so as to be attachable/detachable with respect to 
the barrel PK. However, the exposure apparatus EX of 
this embodiment, as shown in FIG. 24, includes an align- 
ment ring 284 as a positioning member which is used 
when the second nozzle member 272 supporting the first 
optical element LSI is to be attached to the barrel PK. 
When the second nozzle member 272 is to be attached 
to the barrel PK, the alignment ring 284 is first attached 
to the lower-end portion of the barrel PK, and then, the 
second nozzle member 272 is attached. Furthennore, a 
recess portion 259 forpositioningthesupport mechanism 



258 supporting the second optical element LS2 is formed 
in part of the outer marginal portion of the second nozzle 
member 272. By doing so, also when the second nozzle 
member 272 is attached to the lower-end portion of the 

5 barrel PK, the second nozzle member 272 is prevented 
from interfering with the support mechanism 258. 
[0158] Although not shown in the figure, the second 
nozzle member 272 for supporting the first optical ele- 
ment LSI and the barrel PK are connected with a plurality 

10 of bolt members. The bolt members are provided at a 
plurality of predetermined positions along the circumfer- 
ential direction of the second nozzle member 272. Fur- 
thennore, washer members are provided so as to con-e- 
spond to the bolt members. The washer members func- 

15 tion as spacer members disposed between the upper 
surface of the second nozzle member 272 and the lower 
surface of the barrel PK and function as an adjustment 
mechanism for adjusting the positional relationship be- 
tween the second nozzle member 272 and the barrel PK 

^ and eventually, the positional relationship between the 
second optical element LS2 supported on the barrel PK 
(the support mechanism 258) and the first optical element 
LSI supported on the second nozzle member 272. The 
positional relationship between the second optical ele- 

25 ment LS2 and the first optical element LS1 includes the 
relative distance or the relative inclination between the 
lower surface T3 of the second optical element LS2 and 
the upper surface T2 of the first optical element LS1 . The 
spacer members (washer members) are supported at 

30 predetermined angular intervals on the upper surface of 
the second nozzle member 272. The positional relation- 
ship can be adjusted by changing, as appropriate, the 
thickness of the spacer member (washer member) to be 
used or changing, as appropriate, the number of layers 

35 of the spacer members (washer members). Then, the 
second nozzle member 272 and the barrel PK are se- 
cured with bolts such that spacer members (washer 
members) are disposed between the upper surface of 
the second nozzle member 272 and the lower surface 

40 ofthe barrel PK. 

[0159] In FIG. 26 to FIG 28, each of the peripheral re- 
gion, facing the predetermined surface 279 ofthe second 
nozzle member 272, of the upper surface T2 of the first 
optical element LSI and the region, opposing the collec- 
ts tion member 255, on the lower surface of the flange por- 
tion F1 ofthe first optical element LSI is liquid-repellent 
(water-repellent) to the liquid LQ. Furthennore, on the 
second optical element LS2, the region opposing the sec- 
ond nozzle member 272 and the region opposing the 

50 barrel PK are also liquid-repellent (water-repellent) to the 
liquid LQ. In addition, in the second nozzle member 272, 
regions opposing the second optical element LS2, such 
as the predetermined surface 279, are also liquid-repel- 
lent (water-repellent) to the liquid LQ. Furthennore, in the 

55 collection member 255, the region opposing the flange 
portion F1 of the first optical element LS1 is also liquid- 
repellent (water-repellent) to the liquid LQ. 
[01 60] Liquid-repellency treatmentfor endowing these 



24 



47 



EP 1 843 384 A1 



48 



members with liquid-repellent property includes treat- 
ment such as applying liquid-repellent materials, for ex- 
ample, fluorocarbon resin material (including fluorocar- 
bon rubber) such as poiytetrofluroethelene (Teflon (reg- 
istered trademark)), acrylic resin material, silicon resin 
material, and poly ether ether ketone (PEEK). Alterna- 
tively, the collection member 255 may be fomied of ma- 
terial having llquld-repellent property, for example, fluor- 
ocarbon resin such as PTFE (polytetrafluroethelene), 
PFA (tetrafluoroethylene-perfluoroalkoxy ethylene co- 
polymer) or PEEK. 

[0161] The liquid LQ held between the upper surface 
T2 of the first optical element LS 1 and the lower surface 
T3 of the second optical element LS2 can be prevented 
from entering the gap G1 2 or leaking outside via the gap 
G12 by setting the gap G12 to a predetermined value 
(e.g., about 0.01 to 1 mm) and also by making liquid- 
repellent at least one of the predetermined surface 279 
and the peripheral region, facing the predetermined sur- 
face 279, on the upper surface T2 of the first optical el- 
ement LS1 . Similarly, leakage and entrance of the liquid 
LQ can be prevented by making liquid-repellent each of 
the second optical element LS2, a predetemriined region 
on the surface of the second nozzle member 272, and a 
predetennined region on the surface of the collection 
member 255. 

[0162] Furthermore, the liquid LQ is prevented from 
leaking outside via a gap G1 4 between the lower surface 
of the flange portion F1 of the first optical element LS1 
and the collection member 255 by setting the gap G14 
to a predetennined value (e.g., about 0.01 to 1 mm). 
[0163] For example, the side surface of the flange por- 
tion F1 of the first optical element LS1 may be liquid- 
repellent, a predetermined region other than the above- 
described region on the surface of the second nozzle 
member 272 may be liquid-repellent, and the entire sur- 
face of the second nozzle member 272 may be liquid- 
repellent. Similarly, on the surface of the collection mem- 
ber 255, a predetennined region other than the above- 
described region may be liquid-repellent, and the entire 
surface of the collection member 255 may be liquid-re- 
pellent. 

[0164] Next, a method of exposing a pattern Image of 
the mask M onto the substrate P using the exposure ap- 
paratus EX with the above-described structure will be 
described. 

[0165] As shown in the schematic diagram of FIG. 29, 
in orderto subject the substrate P to immersion exposure, 
the control apparatus CONT sends the liquid LQ from 
the second liquid supply apparatus 231 of the second 
immersion mechanism 202 and supplies the liquid LQ to 
the upper surface T2 side of the first optical element LS1 
via the supply outlet 232 sothat the predetermined region 
AR2 through which the exposure light EL passes on the 
upper surface T2 of the first optical element LSI forms 
the second immersion region LR2. Before the second 
liquid supply apparatus 231 of the second immersion 
mechanism 202 starts sending the liquid LQ, the liquid 



LQ does not exist In the second space K2. In the following 
description, the operation of supplying the liquid LQ to 
an optical path space (the second space K2) in which 
the liquid LQ does not exist in orderto fill the optical path 

5 space with the liquid LQ is referred to as "initial filling 
operation" as appropriate. In short, the initial fiiling oper- 
ation refers to the operation of supplying the liquid LQ to 
an optical path space not including the liquid LQ (empty 
state) to fill the optical path space with the liquid LQ. 

10 [0166] When the liquid LQ is sent from the second liq- 
uid supply apparatus 231 under the control of the control 
apparatus CONT in orderto apply initial filling to the sec- 
ond space K2, the liquid LQ sent from the second liquid 
supply apparatus 231 flows through the supply pipe 233 

15 and is then supplied to the upper surface T2 side of the 
first optical element LSI from the supply outlet 232 via 
the supply passage 234 fomned inside the second nozzle 
member 272. 

[0167] When the second liquid supply apparatus 231 

20 of the second immersion mechanism 202 continues, for 
a predetennined period of time, the operation of supply- 
ing a predetennined amount of liquid LQ per unit of time 
from the supply outlet 232, the liquid LQ is supplied to 
between the upper surface T2 of the first optical element 

25 LSI and the lower surface T3 of the second optical ele- 
ment LS2. Thereafter, by further continuing the liquid 
supply operation by the second liquid supply apparatus 
231, the liquid LQ in the second space K2 is partially 
discharged from the discharge outlet 252 due to gravity, 

30 as shown in FIG. 30. In this embodiment, since the liquid 
LQ is supplied to the upper surface T2 side of the first 
optical element LS 1 from the supply outlet 232 disposed 
outside the predetennined region AR2 and the liquid LQ 
is discharged from the discharge outlet 252 disposed at 

35 the opposite side of the predetennined region AR2 from 
the supply outlet 232, the liquid LQ can smoothly flow 
along the upper surface T2 of the first optical element 
LSI . Therefore, the second space K2 can be filled with 
the liquid LQ satisfactorily while preventing bubbles from 

40 being generated. Furthermore, since the liquid LQ is dis- 
charged via the discharge outlet 252 due to gravity, the 
liquid LQ can be prevented from entering, for example, 
a gap G1 3 between the second optical element LS2 and 
the second nozzle member272 (referto FIG. 27 and FIG. 

45 28) and the liquid LQ can be prevented from leaking out- 
side the second space K2 via the gap G13. In addition, 
in this embodiment, since the upper-end portion of the 
discharge outlet 252 is provided at a position substan- 
tially the same height as or lower than the predetermined 

50 region AR2 on the upper surface T2 of the first optical 
element LSI , the liquid LQ can be discharged smoothly. 
[01 68] When the liquid LQ is supplied from the supply 
outlet 232 to the second space K2, the liquid LQ that has 
not been discharged successfully from the discharge out- 

55 let 252 may enter the gap G13 provided at a position 
higher than the second space K2. However, since the 
collection ports 242 are provided on the inside face 272T 
of the second nozzle member272.thesecond immersion 
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mechanism 202 can recover the liquid LQ that has en- 
tered the gap G13 via the collection ports 242. 
[0169] in this embodiment, the control apparatus 
CONT continues to drive the second liquid recovery ap- 
paratus 241 while the liquid LQ is being supplied from 
the supply outlet 232 to fill the second space K2 with the 
liquid LQ. In short, during initial filling operation, liquid 
supply operation of the second liquid supply apparatus 
231 and driving the second liquid recovery apparatus 241 
are perfomned in parallel. As a result of the second liquid 
recovery apparatus 241 being driven, the liquid LQ that 
has entered the gap G 1 3 from the second space K2 flows 
into the recovery passage 244 of the second nozzle mem- 
ber 272 via the collection pori:s 242 and is recovered by 
the second liquid recovery apparatus 241 via the recov- 
ery pipe 243. 

[0170] Furthermore, since the liquid LQ supplied from 
the supply outlet 232 flows towards the discharge outlet 
252, there Is high possibility that the liquid LQ enters the 
gap G 1 3 adjacent to the discharge outlet 252. However, 
since the collection ports 242 are provided on the oppo- 
site side of the predetemnined region AR2 from the supply 
outlet 232, that is, adjacent to the discharge outlet 252, 
the liquid LQ that has entered the gap G13 can be re- 
covered smoothly via the collection ports 242. 
[0171] After the second space K2 has become full of 
the liquid LQ. the control apparatus CONT stops the liquid 
supply operation of the second liquid supply apparatus 
231. At least the predetemnined region AR2 through 
which the exposure light EL passes on the upper surface 
T2 of the first optical element LSI and the lower surface 
T3 of the second optical element LS2 are lyophilic with 
the liquid LQ, andthegapG1 1 between the upper surface 
T2 of the first optical element LS and the lower surface 
T3 of the second optical element LS2 is set to, for exam- 
ple, about 1 mm. Therefore, even when the liquid supply 
operation of the second liquid supply apparatus 231 is 
stopped, the liquid LQ is held between the upper surface 
T2 of the first optical element LSI and the lower surface 
T3 of the second optical element LS2 due to surface ten- 
sion, as shown In FIG. 31. 

[01 72] Furthemnore, the control apparatus CONT sup- 
plies a predetemilned amount of liquid LQ onto the sub- 
strate P using the first liquid supply apparatus 21 1 of the 
first immersion mechanism 201 and recovers a prede- 
termined amount of liquid LQ on the substrate P using 
the first liquid recovery apparatus 221 to fill the first space 
K1 , which is an optical path space of the exposure light 
EL, between the projection optical system PL and the 
substrate P, with the liquid LQ and locally fomi the first 
immersion region LR1 of the liquid LQ on the substrate 
P. When the first immersion region LR1 of the liquid LQ 
is to be f omned, the control apparatus CONT drives each 
of the first liquid supply apparatus 21 1 and the first liquid 
recovery apparatus 221 . When the liquid LQ is sent from 
the first liquid supply apparatus 21 1 under the control of 
the control apparatus CONT, the liquid LQ sent from the 
first liquid supply apparatus 21 1 flows through the supply 



pipe 21 3 and is then supplied to the image-plane side of 
the projection optical system PL from the supply outlet 
212 via the supply passage 214 formed inside the first 
nozzle member 271 . Furthermore, when the first liquid 

5 recovery apparatus 221 is driven under the control of the 
control apparatus CONT, the liquid LQ on the image- 
plane side of the projection optical system PL flows into 
the recovery passage 224 fomned inside the first nozzle 
member 271 via the collection port 222, flows though the 

10 recovery pipe 223, and is then recovered by the first liquid 
recovery apparatus 221 . 

[0173] After the first space K1 and the second space 
K2 have been filled with the liquid LQ, the control appa- 
ratus CONT illuminates the masl( M held on the mask 

15 stage MST with the exposure light EL by the illumination 
optical system IL. The exposure light EL emitted from the 
illumination optical system IL passes through the mask 
M, each of the plurality of the optical elements LS7 to 
LS3, a predetemnined region on the upper surface T4 of 

20 the second optical element LS2, and a predetermined 
region on the lower surface T3 and is then incident upon 
the second immersion region LR2. The exposure light 
EL that has passed through the second immersion region 
LR2 passes through a predetemnined region on the upper 

25 surface T2 of the first optica! element LSI and a prede- 
termined region on the lower surface T1 , is incident upon 
thef irst immersion region LR1 , and then reaches the sub- 
strate P. In this manner, the substrate P is subjected to 
immersion exposure. 

30 [01 74] In this embodiment, at least while the exposure 
light EL is emitted onto the substrate P, the control ap- 
paratus CONT perfomns supply operation of the liquid 
LQ and recovery operation of the liquid LQ in parallel 
using the first immersion mechanism 201 . By doing so, 

35 even if impurities (e.g., resist) from the substrate P are 
mixed, for example, into the liquid LQ of the first immer- 
sion region LR1, a clean liquid LQ is supplied from the 
supply outlet 212, and the liquid LQ in contact with the 
substrate P is recovered from the collection port 222. 

40 Therefore, the first space K1 is always filled with a clean 
and temperature-managed liquid LQ. 
[0175] Furthemnore, in this embodiment, at least while 
the exposure light EL is emitted onto the substrate P, the 
control apparatus CONT does not perfomn liquid supply 

45 operation by the second liquid supply apparatus 231 of 
the second immersion mechanism 202, liquid recovery 
operation by the second liquid recovery apparatus 241, 
and liquid suction-recovery operation of the collection 
member 255 by the suction apparatus 251. In other 

50 words, in this embodiment, the exposure light EL is emit- 
ted onto the substrate P while the second space K2 is 
filled with the liquid LQ. Vibration may occur in some cas- 
es along with supply operation and recovery operation 
of the liquid LQ. However, since liquid supply operation 

55 by the second liquid supply apparatus 231 of the second 
immersion mechanism 202, liquid recovery operation by 
the second liquid recovery apparatus 241 , and liquid suc- 
tion-recovery operation of the collection member 255 by 
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the suction apparatus 251 are not performed at least 
while the exposure light EL is emitted onto the substrate 
P, vibration resulting from the operation of the second 
Immersion mechanism 202 does not occur during expo- 
sure of the substrate P. Therefore, the substrate P can 
be exposed with high accuracy. 
[0176] Furthermore, the control apparatus CONT per- 
forms replacement operation of the liquid LQ in the sec- 
ond space K2, for example, at predetemnined intervals 
or every predetermined number of substrates that have 
been processed (e.g., every lot). When perfonnlng re- 
placement of the liquid LQ in the second space K2, the 
control apparatus CONT supplies a predetemiined 
amount of liquid LQ to the second space K2 from the 
second liquid supply apparatus 231 via the supply outlet 
232. In addition, when the liquid LQ in the second space 
K2 is to be replaced, the second liquid recovery appara- 
tus 241 is also driven in parallel with the liquid supply 
operation of the second liquid supply apparatus 231 . By 
doing so, not only is the liquid LQ existing in the second 
space K2 discharged from the discharge outlet 252, but 
also the second space K2 is filled with a new (clean) liquid 
LQ supplied from the supply outlet 232. 
[0177] As shown in FIG. 32, the control apparatus 
CONT drives the suction apparatus 251 when a prede- 
termined amount of liquid LQ is collected in the collection 
member 255 or at predetemnined intervals or every pre- 
detemnined number of substrates that have been proc- 
essed. As described above, the control apparatus CONT 
drives the suction apparatus 251 while the exposure light 
EL is not emitted onto the substrate P. As a result of the 
suction apparatus 251 being driven, the liquid LQ in the 
collection member 255 is suction-recovered by the suc- 
tion apparatus 251 via the suction pipe 253. By doing so, 
problems such that the liquid LQ leaks from the collection 
member 255 or the liquid LQ in the collection member 
255 flows back into the second space K2 can be prevent- 
ed. Altematively, a water-level sensor may be attached 
to the collection member 255 so that suction-recovery by 
the suction apparatus 251 is perfomned when the liquid 
LQ in the collection member 255 reaches a predeter- 
mined amount. 

[0178] As described above, the predetermined region 
AR2 on the upper surface T2 of the first optical element 

LSI can be made to serve as the second immersion re- 
gion LR2 with the liquid LQ supplied from the supply outlet 
232. Furthermore, since the liquid LQ in the second space 
K2 is discharged from between the first optical element 
LS 1 and the second nozzle member 272, the liquid LQ 
can be discharged smoothly. Therefore, the liquid LQ in 
the second space K2 and the second optical element 
LS2 in contact with the liquid LQ can be kept in a clean 
state, and hence the substrate P can be exposed with 
high accuracy. 

[0179] In other words, the liquid LQ can be discharged 

while being prevented from entering, for example, the 
gap G13 between the second optical element LS2 and 
the second nozzle member 272 by discharging the liquid 



LQ via the discharge outlet 252 due to gravity. If the liquid 
LQ enters the gap G13 between the second optical ele- 
ment LS2 and the second nozzle member 272, the force 
of the liquid LQ is applied to the side surface of the second 
5 optical element LS2, thus possibly moving or defomning 
the second optical element LS2. In addition, even if a 
sealing member, such as an 0-ring, a V-ring, or a C-ring, 
is provided in the gap G13 to prevent the liquid LQ from 
entering the gap G13, there is danger that the second 
10 optical element LS2 is moved or defomned by the sealing 
member. Furthermore, if an attempt is made to make the 
gap G13 small enough to prevent the liquid LQ from en- 
tering the gap G1 3, entrance of the liquid LQ into the gap 
G13 causes the liquid LQ to be held in the gap G1 3, thus 
15 contaminating the liquid LQ and allowing, for example, 
bacteria (live bacteria) to occur. If the liquid LQ is con- 
taminated, members in contact with the liquid LQ, such 
as the first and second optical elements LS1 and LS2 
and the second nozzle member 272, may also be con- 
20 taminated. Furthermore, there is possibility of a problem 
such thatthe liquid LQ enters or leaks into a space outside 
the second space K2 (e.g., the space above the second 
optical element LS2) via the gap G 1 3 between the second 
optical element LS2 and the second nozzle member 272. 
25 In addition, bubbles may be generated in the liquid LQ 
held in the second space K2 as a result of the liquid LQ 
entering the gap G13 and flowing out of the gap G13. 
[0180] In this embodiment, since the liquid LQ is dis- 
charged from the discharge outlet 252 due to gravity be- 
so fore entering, for example, the gap G1 3 between the sec- 
ond optical element LS2 and the second nozzle member 
272, the occurrence of the above-described problem can 
be suppressed. 

[0181] Furthemnore, even if the liquid LQ enters the 
35 gap G13 while the liquid LQ is supplied to the second 
space K2 from the supply outlet 232, the liquid LQ can 
be recovered via the collection port 242 since the collec- 
tion port 242 is fomried on the inside face 272T of the 
second nozzle member 272 in which the gap G13 is 
^0 fomned. 

[0182] In addition, since the collection member 255 for 
collecting the liquid LQ discharged from the discharge 
outlet 252 is provided, the liquid LQ can be collected with- 
out driving the suction apparatus 251 orthe second liquid 
45 recovery apparatus 241 , for example, during exposure 
of the substrate P. 

<Fifth Embodiment> 

50 [01 83] A fifth embodiment will be described with refer- 
ence to FIG. 33. In the following description, components 
same as or equivalent to those in the above -described 
fourth embodiment will be denoted by the same reference 
numerals and described only briefly, or a description 

55 thereof will be omitted. 

[0184] In FIG. 33, the cut portion 2788 is formed in the 
flange portion F1 of the first optical element LS1 . The cut 
portion 278B is fomned in a "U" shape in plan view. The 
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discharge outlet 252 formed between the first optical el- 
ement LS 1 and the second nozzle member272 includes 
the cut portion 278B of the first optical element LS1 . On 
the other hand, no cut portion is provided in the second 
nozzle member 272. In this manner, the cut portion may 
be formed only in the first optical element LS1 . 

<Sixth Embodiment> 

[0185] A sixth embodiment will be described with ref- 
erence to FIG. 34. In FIG 34, the cut portion 278B is 
formed in the flange portion F1 of the first optical element 
LS1 . The cut portion 278B is fornied in a V-groove shape 
in plan view. The discharge outlet 252 fomied between 
the first optical element LS 1 and the second nozzle mem- 
ber 272 includes the cut portion 2 788 of the first optical 
element LS1 . On the other hand, no cut portion is pro- 
vided in the second nozzle member 272. In this manner, 
the cut portion may be formed in a V-groove shape. Al- 
ternatively, the cut portion can be any shape, such as an 
arc shape. 

[0186] Alternatively, the fourth to sixth embodiments 
may be constructed so that the cut portion is provided 
only in the second nozzle member 272, that is, no cut 
portion is provided in the first optical element LS1 . Fur- 
thermore, when a cut portion is to be provided in the 
second nozzle member 272, the cut portion can be any 
shape, such as a V- groove shape as shown in FIG. 34 
or an arc shape. In addition, a through-hole may be pro- 
vided in the second nozzle member 272 so that the liquid 
LQ2 in the second space K2 is discharged via this 
through-hole. 

[01 87] In the fourth to sixth embodiments, a cut portion 
is provided in at least one of the outer marginal portion 
of the first optical element LS1 and the second nozzle 
member 272. Instead, without providing a cut portion, the 
liquid LQ in the second space K2 may be discharged via 
the gap between the first optical element LS1 and the 
second nozzle member 272, 

<Seventh Embodiment> 

[0188] A seventh embodiment will be described with 
reference to FIG. 35. in FIG. 35, the through-hole (dis- 
charge passage) 254 that passes through the flange por- 
tion F1 of the first optical element LS1 is formed at a 
predetermined position of this flange portion F1 , and the 
upper-end portion of this through-hole 254 serves as the 
discharge outlet 252 for discharging the liquid LQ in the 
second space K2. In this manner, the discharge outlet 
252 may be provided in a region, on the upper surface 
T2 of the first optical element LSI , other than the prede- 
termined region AR2 through which the exposure light 
EL passes. 

< Eighth Embodiment> 

[0189] An eighth embodiment will be described with 



reference to FIG. 36. In FIG 36, the discharge outlet 252 
for discharging the liquid LQ in the second space K2 is 
formed at a predetemiined position on the inside face 
272T(orthe uppersurface) of the second nozzle member 

5 272. In this manner, the discharge outlet 252 may be 
provided at part of the second nozzle member 272. In 
this case, the surface (region), where the discharge outlet 
252 is formed, on the second nozzle member 272 is pref- 
erably provided at a position substantially the same 

10 height as or lower than the upper surface T2 (the prede- 
temiined region AR2) of the first optical element LS 1. 

<Ninth Embodiment> 

15 [0190] A ninth embodiment will be described with ref- 
erence to FIG. 37. In this embodiment, the first optical 
element LS1 is supported by the first nozzle member 
271 . Also, the first nozzle member 271 includes the sup- 
ply outlet 212 for filling the first space K1 with the liquid 

20 LQ; the collection port 222; and the supply outlet 232 for 
filling the second space K2 with the liquid LQ. Further- 
more, the first nozzle member 271 of this embodiment 
has a function as a coiiectlon member for collecting the 
liquid LQ discharged from the second space K2. 

25 [0191] A support mechanism (not shown in the figure) 
for supporting the first optical element LSI is provided in 
the first nozzle member 271, and the flange portion F1 
of the first optical element LS 1 is supported by the sup- 
port mechanism provided in the first nozzle member 271 . 

30 The first nozzle member 271 has a frame portion 271 W 
enclosing the first optical element LSI, and in this em- 
bodiment, a support mechanism for supporting the first 
optical element LSI is provided on the uppersurface of 
the frame portion 271 W or the first nozzle member 271 , 

35 Furthennore, atthe frame portion 271 W of the first nozzle 
member271, the supply outlet 232forsupplying the liquid 
LQ to the second space K2 (the predetermined region 
AR2) is provided on the -X side of the second space K2. 
On the other hand, at the frame portion 271 W of the first 

40 nozzle member 271, the discharge outlet 252 for dis- 
charging the liquid LQ in the second space K2 (the pre- 
determined region AR2) is provided on the +X side of the 
second space K2. The discharge outlet 252 Is connected 
to a collection portion 255' via the discharge passage 

45 254formed inside the first nozzle member271 . The liquid 
LQ discharged from the discharge outlet 252 is collected 
in the collection portion 255'. The liquid LQ collected in 
the collection portion 255' is suction-recovered by the 
suction apparatus 251 via the suction pipe 253. 

50 [0192] Furthermore, the discharge passage 254 is not 
completelyfilled with the liquid LQ, and the second space 
K2 communicates with the external space (atmospheric 
space) via the discharge passage 254. In other words, 
the second space K2 is open to the atmosphere via the 

55 discharge passage 254. By doing so, the liquid LQ in the 
second space K2 can be discharged via the discharge 
outlet 252 smoothly. In the figure, the gap G14 is formed 
between the upper surface of the frame portion 271 W 
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of the first nozzle member 271 and the lower surface T3 
of the second optical element LS2. However, a sealing 
member may be provided in the gap G14. 
[0193] As described above, it is possible not only to 
omit the second nozzle member 272 and support the first 5 
optical element LS1 by the first nozzle member 271 but 
also to provide the supply outlet 232 for supplying the 
liquid LQ to the second space K2 in the first nozzle mem- 
ber 271 . Then, the discharge outlet 252 can be provided 
between the first optical element LS1 and the first nozzle io 
member 271 (the frame portion 271 W). With such a struc- 
ture, the overall size of the exposure apparatus EX can 
be reduced (the space can be saved). 
[0194] In the fourth to ninth embodiments, the suction 
apparatus 251 has been described as being driven when 15 
the liquid LQ in the collection member255 (the collection 
portion 255') reaches a predetermined amount or at pre- 
determined intervals or every predetermined number of 
substrates that have been processed. However, suction- 
recovery operation of the liquid LQ by the collection mem- 20 
ber 255 may be performed in parallel with liquid supply 
operation of the second liquid supply apparatus 231 at 
the time of initial filling operation and replacement oper- 
ation of the liquid LQ in the second space K2. In other 
words, the control apparatus CONTcan concurrently per- 25 
form the driving of the second liquid supply apparatus 
231 and the driving of the suction apparatus 251 at the 
time of at least Initial filling operation and replacement 
operation of the liquid LQ in the second space K2. 
[0195] In the fourth to ninth embodiments, liquid supply 30 
operation by the second liquid supply apparatus 231 of 
the second immersion mechanism 202, liquid recovery 
operation by the second liquid recovery apparatus 241 , 
and liquid suction-recovery operation of the collection 
member255bythesuctionapparatus251 areperfomned 35 
as required at the time of initial filling operation or re- 
placement operation of the liquid LQ in the second space 
K2, whereas liquid supply operation by the second liquid 
supply apparatus 231 of the second immersion mecha- 
nism 202, liquid recovery operation by the second liquid 40 
recovery apparatus 241 , and liquid suction- recovery op- 
eration of the collection member 255 by the suction ap- 
paratus 251 are not performed while the exposure light 
EL is emitted onto the substrate P. However, at least part 
of the second liquid supply apparatus 231 , the second 45 
liquid recovery apparatus 241 , and the collection member 
255 of the second immersion mechanism 202 may be 
driven as appropriate during exposure of the substrate 
P as long as the level of vibration resulting from, for ex- 
ample, liquid supply operation by thesecondliquidsupply so 
apparatus 231, liquid recovery operation by the second 
liquid recovery apparatus 241 , and liquid suction -recov- 
ery operation of the collection member255 by the suction 
apparatus 251 is equal to or below a permissible level. 
For example, supply operation of the liquid LQ by the 55 
second liquid supply apparatus 231 may be perfonned 
continuously during exposure of the substrate P. When 
liquid supply operation of the second liquid supply appa- 



ratus 231 is performed, the second liquid recovery ap- 
paratus 241 and the suction apparatus 251 are driven in 
parallel with liquid supply operation of the second liquid 
supply apparatus 231 . By doing so, a clean and temper- 
ature-managed liquid LQ is always supplied to the sec- 
ond space K2 from the second liquid supply apparatus 
231 via the supply outlet 232. 

[01 96] In the fourth to ninth embodiments, the numbers 
and arrangements of supply outlets 232, discharge out- 
lets 252, and collection ports 242 can be changed as 
appropriate. For example, a plurality of the discharge out- 
lets 252 may be provided, and furthemnore, a plurality of 
the supply outlets 232 may be provided. Furthermore, 
the collection ports 242 may be provided at positions far 
away from the discharge outlet 252 or may be provided 
at a plurality of predetemnined positions so as to enclose 
the second space K2. 

[0197] In the above-described embodiments, the 
opening 255K is provided at the upper part of the collec- 
tion member 255, and the suction pipe 253 is disposed 
in the opening 255K. Alternatively, the other end portion 
of the suction pipe 253 may be connected, for example, 
to the bottom portion of the collection member 255. 
[0198] The recovery pipe 243 and the second liquid 
recovery apparatus 241 shown in FIG. 28 may be pro- 
vided at the recess portion 75 of the first embodiment so 
that the second liquid LQ2 that has leaked into the recess 
portion 75 can be discharged via these recovery pipe 243 
and second liquid recovery apparatus 241 . 
[0199] Furthermore, instead of the liquid collector 68 
disposed below the through-hole 65 of the first embodi- 
ment, the collection member and suction apparatus de- 
scribed in the fourth to ninth embodiments may be pro- 
vided. 

[0200] As described above, one or more of the com- 
ponents in one embodiment can be combined or replaced 
with another embodiment. 

[0201] In each of the above-described embodiments, 
a structure where supply and recovery of the second liq- 
uid LQ2 are not perfonned during exposure of the sub- 
strate P has been described. However, supply and re- 
covery of the second liquid LQ2 may be performed also 
during exposure of the substrate P as long as vibration 
accompanied by supply and recovery of the second liquid 
LQ2 does not adversely affect the exposure accuracy. 
[0202] In each ofthe above-described embodiments, 
the first optical element LSI is a plane-parallel plate, and 
therefore, replacement of the first optical element LSI 
rarely affects the aberration of the projection optical sys- 
tem PL. However, the first optical element LSI may have 
curvature (refractive power) as long as replacement of 
the first optical element LSI does not affect aberration 
of the projection optical system PL. 
[0203] Although the discharge outlet 252 is disposed 
on the +X side of the predetennined region AR2 in the 
fourth to ninth embodiments, it may be provided on the 
-hY side or -Y side of the predetennined region AR2. 
[0204] Although the fourth to ninth embodiments have 
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been described such that the entire collection port 242 
is provided at a position higher than the upper surface 
T2 of the first optical element LSI , the upper end of the 
collection port 242 may be provided at a position higher 
than the upper surface T2 of the first optical element LSI , 5 
and the lower end of the collection port 242 may be pro- 
vided at a position lower than the upper surface T2 of the 
first optical element LS1 . Doing so is preferable because 
the liquid LQ can be recovered smoothly. 
[0205] In the fourth to ninth embodiments, the nozzle 
members (the first and second nozzle members) are 
formed in substantially annular shapes (tone shapes). 
However, the nozzle members can be any shape, such 
as a rectangular shape. Similarly, the porous members 
are not limited to an annular shape in plan view but may ^5 
be fomned in a rectangular shape in plan view. Further- 
more, the first liquid supply mechanism and the second 
liquid supply mechanism in each of the present embod- 
iments can adjust the temperatures of liquids independ- 
ently. 20 
[0206] The liquids LQ1, LQ2, and LQ in each of the 
above -described present embodiments are formed of 
pure water. Pure water has advantages in that it can be 
easily obtained in large quantity at semiconductor man- 
ufacturing plants, etc. and in that it has no adverse effects 25 
on the photoresist on the substrate P or on the optical 
elements (lenses), etc. In addition, pure water has no 
adverse effects on the environment and contains very 
few impurities, so one can also expect an action whereby 
the surface of the substrate P and the surface of the op- so 
tical element provided on the front end surface of the 
projection optical system PL are cleaned. In the case 
where pure water supplied from plants, etc. has a low 
degree of purity, the exposure apparatus may have an 
extra pure water production apparatus. 35 
[0207] In addition, the index of refraction n of pure wa- 
ter (water) with respect to the exposure light EL with a 
wavelength of about 1 93 nm is nearly 1 .44, so in the case 
where ArF excimer laser light (193 nm wavelength) is 
used as the light source of the exposure light EL, it is 
possible to shorten the wavelength to 1 /n, that is, approx- 
imately 134 nm on the substrate P, to obtain high reso- 
lution. Also, the depth of focus is expanded by approxi- 
mately n times, that is approximately 1 .44 times, com- 
pared with it being in air, so in the case where it would 45 
be permissible to ensure the same level of depth of focus 
as the case in which it is used in air, it is possible to further 
increase the numerical aperture of the projection optical 
system PL, and resolution improves on this point as well. 
[0208] If the liquid immersion method is used as de- so 
scribed above, the numerical aperture NA of the projec- 
tion optical system may be 0.9 to 1 .3. In this manner, if 
the numerical aperture NA of the projection optical sys- 
tem becomes large, it is preferable that polarizing illumi- 
nation be used because randomly polarized light, which 
has been used conventionally as exposure light, may de- 
grade the imaging perfonnance due to polarization effect. 
In this case, linearly polarizing illumination in accordance 



58 

with the longitudinal direction of the line pattern of the 
line-and-space pattern of the mask (reticle) should be 
perfomned so that a large amount of diffracted light of the 
S-polarization component (TE-polarization component), 
that is, the polarization direction component along the 
longitudinal direction of the line pattem is emitted from 
the pattern of the mask (reticle). In the case where liquid 
is held between the projection optical system PL and the 
resist applied to the substrate P surface, the transmls- 
sivity, on the resist surface, of diffracted light of the S- 
polarization component (TE-polarization component) 
contributing to enhancement in the contrast becomes 
high, compared with the case where air (gas) is held be- 
tween the projection optical system PL and the resist 
applied to the substrate P surface. Therefore, even if the 
numerical aperture NA of the projection optical system 
exceeds 1 .0, high imaging performance can be obtained. 
An appropriate combination of, for example, the phase 
shift mask and the oblique-incidence illumination method 
(in particular, the dipole illumination method) in accord- 
ance with the longitudinal direction of the line pattern, as 
disclosed in Japanese Unexamined Patent Application, 
First Publication No. H 6-1 881 69, will be further effective. 
In particular, the combination between the linear-polari- 
zation-illumination method and the dipole illumination 
method is effective if the period direction of the line-and- 
space pattem is limited to a predetermined one direction 
or the hole pattern is dense in a predetemriined one di- 
rection. For example, in the case where a half-tone 
phase-shift mask with a transmissivity of 6% (a pattern 
with a half pitch of about 45 nm) is to be illuminated using 
the linear-polarization-illumination method together with 
the dipole illumination method, the depth of focus (DOF) 
can be increased by about 150 nm compared with the 
case where randomly polarized light is used, if the value 
of illumination a specified by the circumcircle of two 
beanns forming a dipole on the pupil plane of the illumi- 
nation system is 0.95, the radius of each beam on the 
pupil plane is 0,125a, and the numerical aperture of the 
projection optical system PL is NA=1 .2. 
[0209] Furthermore, the combination of linearly polar- 
izing illumination and an illumination method with a small 
o (an illumination method with a value a of 0.4 or less, 
where a Indicates the ratio between the numerical aper- 
ture NAi of the illumination system and the numerical 
aperture NAp of the projection optical system) is also 
effective. 

[021 0] In addition, if, for example, ArF excimer laser is 
used as exposure light and fine line-and-space patterns 
(e.g., about 25 to 50 nm lines and spaces) are to be ex- 
posed onto the substrate P using the projection optical 
system PL with a reduction magnification of about 1/4, 
the mask M works as a polarizer due to the wave guide 
effect depending on the structure of the mask M (e.g., 
fineness of the pattern and thickness of chromium), thus 
emitting more diffracted light of the S-polarization com- 
ponent (TE-polarizatlon component) from the mask M 
than diffracted light of the P-polarization component (TM- 
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polarization component) which decreases the contrast. 
In this case, it Is preferable that the above-described lin- 
eariy polarizing illunnination be used. However, if the 
mask M is illunninated with randomly polarized light and 
the numerical aperture NA of the projection optical sys- s 
tem PL is as large as 0.9 to 1 .3, high resolving perform- 
ance can be obtained. 

[021 1 ] In addition, when superfine line-and-space pat- 
terns on the mask M are to be exposed onto the substrate 
P, there is possibility that the P-polarization component io 
(TM -polarization component) becomes stronger than the 
S-polarization component (TE-polarization component) 
due to the wire grid effect. However, if, for example, ArF 
excimer iaser is used as exposure light and line-and- 
space patterns largerthan 25 nm are to be exposed onto is 
the substrate P using the projection optical system PL 
with a reduction magnification of about 1/4, more diffract- 
ed light of the S-polarization component (TE-polarization 
component) is emitted from the mask M than diffracted 
light of the P-polarization component (TM-polarization 
component). Therefore, high resolving performance can 
be obtained even if the numerical aperture NA of the pro- 
jection optical system PL Is as large as 0.9 to 1.3. 
[0212] Furthermore, not only lineariy polarizing illumi- 
nation (S polarizing illumination) In accordance with the ^5 
longitudinal direction of the line patterns of the mask (ret- 
icle) but also the combination of a polarizing illumination 
method for linearly polarizing in the tangent (circumfer- 
ential) direction of a circle with its center as the optical 
axis and the oblique-incidence illumination method is al- 30 
so effective, as disclosed in Japanese Unexamined Pat- 
ent Application, First Publication No. H6-53120. In par- 
ticular, if line patterns extending in a plurality of different 
directions, as well as line patterns of patterns extending 
in a predetermined one direction, on the mask (reticle) 35 
are mixed (line-and-space patterns with different period 
directions are mixed), high imaging perfomiance can be 
obtained even if the numerical aperture NA of the pro- 
jection optical system is large by using a polarizing illu- 
mination method for linearly polarizing in the tangent di- 40 
rection of a circle with its center as the optical axis to- 
gether with an annular illumination method, as disclosed 
In the same Japanese Unexamined Patent Application, 
First Publication No. H6-53120. For example, In the case 
where a half-tone phase-shift mask with a transmissivity 45 
of 6% (a pattern with a half pitch of about 63 nm) is to be 
illuminated by using a polarizing illumination method for 
fineariy polarizing in the tangent direction of a circle with 
its center as the optical axis together with an annular 
illumination method (annular ratio of 3/4), the depth of so 
focus (DOF) can be increased by about 250 nm if the 
value of the illumination a is 0.95 and the numerical ap- 
erture of the projection optical system PL is NA=1.00 
compared with the case where randomly polarized light 
is used, and furthemnore, the depth of focus can be in- ss 
creased by about 100 nm with a pattern having a half 
pitch of about 55 nm and the numerical aperture NA=1 .2 
of the projection optical system. 



[021 3] Furthermore, in addition to the above-described 
various illumination methods, employing a progressive 
focus exposure method, as disclosed in, for example, 
Japanese Unexamined Patent Application, First Publica- 
tion No. H4-277612 and Japanese Unexamined Patent 
Application, First Publication No. 2001-345245, and a 
multi-wavelength exposure method that can provide the 
same effect as with the progressive focus exposure 
method using exposure light of multi-wavelength (e.g., 
dual wavelength) is also effective. 
[021 4] I n the above embodiments, the optical element 
LS 1 is attached to the front end of the projection optical 
system PL, and this optical element can be used to adjust 
the optical characteristics, for example, the aberration 
(spherical aberration, coma aberration, etc.), of the pro- 
jection optical system PL. Note that an optical plate used 
for the adjustment of the optical characteristics of the 
projection optical system PL may also be used as the 
optical element attached to the front end of the projection 
optical system PL. Or, it may also be a plane-parallel 
plate through which the exposure light EL Is able to pass. 
[0215] In the case where the pressure between the 
substrate P and the optical element of the front end of 
the projection optical system PL arising from the flow of 
the liquids LQ1 , LQ2, and LQ is large, it is permissible to 
make that optical element not one that is replaceable but 
one that is firmly secured so that the optical element does 
not move due to that pressure. 

[021 6] In the above embodiments, the configuration is 
one in which the liquids LQ1 , LQ2, and LQ are filled be- 
tween the projection optical system PL and the surface 
of the substrate P, but it may also be a configuration in 
which the liquids LQ1 , LQ2, and LQ are filled in a status 
in which a cover glass consisting of a plane-parallel plate 
is attached to the surface of the substrate P, for example. 
[0217] Note that the liquids LQ1 , LQ2, and LQ of the 
above embodiments are water, but they may be liquids 
other than water. For example, if the light source of the 
exposure light EL is an F2 laser, this F2 laser light will 
not pass through water, so the liquids LQ1 , LQ2, and LQ 
may be, for example, a fluorocartDon fluid such as a per- 
fluoropolyether (PFPE) or a fluorocartDon oil that an F2 
laser Is able to pass through. In this case, the part to be 
in contact with the liquids LQ1 , LQ2, and LQ is applied 
with lyophilic treatment by fonning a thin film using a sub- 
stance with a molecular structure that has a small polarity 
including fluorine. In addition, it is also possible to use, 
as the liquids LQ1, LQ2, and LQ, liquids that have the 
transmittance with respect to the exposure ligiTt EL and 
whose refractive index are as high as possible and that 
are stable with respect to the photoresist coated on the 
projection optical system PL and the surface of the sub- 
strate P (for example, cedar oil). 
[0218] Moreover as the liquids LQ1 , LQ2, and LQ, a 
liquid with a refractive index of 1 .6 to 1 .8 may be used. 
Furthennore, the optical element LSI may be formed 
from a material with a higher refractive index than that of 
quartz or fluorite (for example, above 1 .6). 
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[0219] In addition, as the liquids LQ1, LQ2, and LQ, 
water and liquids other than watermay be mixed, so that 
the Image-forming characteristic via the projection optical 
system PL and the liquids LQ1 , LQ2, and LQ is controlled 
by controlling the mixture ratio. 

[0220] It is to be noted that as for the substrate P of 
each of the above-described embodiments, not only a 
semiconductor wafer for manufacturing a semiconductor 
device, but also a glass substrate for a display device, a 
ceramic wafer for a thin film magnetic head, or a master 
mask or reticle (synthetic quartz or silicon wafer) used in 
an exposure apparatus, etc. can be used. 
[0221] As for the exposure apparatus EX, in addition 
to a step-and-scan type exposure apparatus (scanning 
stepper) in which while synchronously moving the masic 
M and the substrate P, the pattern of the mask M is scan- 
exposed, a step-and-repeat type projection exposure ap- 
paratus (stepper) in which the pattern of the masl< 1^ is 
exposed at one time in the condition that the masl< M and 
the substrate P are stationary, and the substrate P is 
successively moved stepwise can be used. 
[0222] Moreover, as for the exposure apparatus EX, 
the present invention can be applied to an exposure ap- 
paratus of a method in which a reduced image of a first 
pattern is exposed in a batch on the substrate P by using 
the projection optical system (for example, a refractive 
projection optical system having, for example, a reduc- 
tion magnification of 1/8, which does not include a re- 
flecting element), in the state with the first pattern and 
the substrate P being substantially stationary. In this 
case, the present invention can be also applied to a stitch 
type batch exposure apparatus in which afterthe reduced 
image of the first pattern is exposed in a batch, a reduced 
image of a second pattern is exposed in a batch on the 
substrate P, partially overlapped on the first pattern by 
using the projection optical system, in the state with the 
second pattern and the substrate P being substantially 
stationary. As the stitch type exposure apparatus, a step- 
and-stitch type exposure apparatus in which at least two 
patterns are transferred onto the substrate P in a partially 
overlapping manner, and the substrate P is sequentially 
moved can be used. 

[0223] Furthermore, the present invention can also be 
applied to a twin stage type exposure apparatus fur- 
nished with a plurality of substrate stages, as disclosed 
in Japanese Unexamined Patent Application, First Pub- 
lication No. m 0-1 63099, Japanese Unexamined Patent 
Application, First Publication No. HI 0-21 4783, and Pub- 
lished Japanese Translation No. 2000-505958 of PCT 
International Application. 

[0224] Moreover, the p resent invention can also be ap- 
plied to an exposure apparatus furnished with a substrate 
stage for holding a substrate, and a measurement stage 
on which is mounted a reference member fomried with a 
reference mark, and various photoelectronic sensors, as 
disclosed in Japanese Unexamined Patent Application, 
First Publication No. H 11 -135400 and Japanese Unex- 
amined Patent Application, First Publication No. 



2000-164504. 

[0225] Furthermore, in the above embodiments, an ex- 
posure apparatus in which the liquid is locally filled in the 
space between the projection optical system PL and the 

5 substrate P is used. However, the present invention can 
be also applied to a liquid immersion exposure apparatus 
in which exposure is performed in a condition with the 
whole surface of the target exposure substrate immersed 
in a liquid, as disclosed in Japanese Unexamined Patent 

10 Application, First Publication No. H6-1 24873, Japanese 
Unexamined Patent Application, First Publication No. 
HI 0-33031 14, and U.S. Patent No. 5,825,043. 
[0226] The types of the exposure apparatus EX are 
not limited to exposure apparatuses for semiconductor 

15 element manufacture that expose a semiconductor ele- 
ment pattern onto the substrate P. but are also widely 
applicable to exposure apparatuses for the manufacture 
of liquid crystal display elements andforthe manufacture 
of displays, exposure apparatuses for the manufacture 

20 of thin film magnetic heads, image pickup elements 
(CCD), and exposure apparatuses for manufacturing ret- 
icles or masks. 

[0227] In the above-mentioned embodiments, an op- 
tical transmission type masi< fomied with a predeter- 

25 mined shielding pattern (orphase pattern or dimming pat- 
tern) on an optical transmission substrate is used. How- 
ever instead of this mask, for example as disclosed in 
U.S. Patent No. 6.778,257, an electronic mask for fomri- 
ing a transmission pattern or reflection pattem, or a light 

30 emitting pattern, based on electronic data of a pattern to 
be exposed may be used. 

[0228] Furthemriore the present invention can also be 
applied to an exposure apparatus (lithography system) 
which exposes a line-and-space pattem on the substrate 

35 p by fonning interference fringes on the substrate P, as 
disclosed in PCT International Patent Publication No. 
WO 2001/035168. 

[0229] If a linear motor is used in the substrate stage 
PST or the mask stage MST (refer to U.S. Patent No. 

40 5,623,853 or U.S. Patent No. 5,528,1 18), then either an 
air ievitation type that uses an air bearing or a magnetic 
levltation type that uses Lorentz's force or reactance 
force may be used. In addition, each of the stages PST 
and MST may be a type that moves along a guide or may 

45 be a guideless type, 

[0230] For the drive mechanism of each of the stages 
PST and MST, a planar motor may be used that opposes 
a magnet unit, wherein magnets are disposed two dimen- 
sionally, to an armature unit, wherein coils are disposed 

50 two dimensionally, and drives each of the stages PST 
and MST by electromagnetic force. In this case, either 
the magnet unit or the armature unit is connected to the 
stages PST and MST and the other one should be pro- 
vided on the plane of motion side of the stages PST and 

55 MST. 

[0231 ] The reaction force generated by the movement 
of the substrate stage PST may be mechanically dis- 
charged to the floor (ground) by using a frame member 
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so that it is not transmitted to the projection optical system 
PL, as recited in Japanese Unexamined Patent Applica- 
tion, First Publication No. H8-1 66475 (U.S. Patent No. 
5,528,118). 

[0232] The reaction force generated by the movement 
of the mask stage MST may be mechanically discharged 
to the floor (ground) by using a frame member so that it 
is not transmitted to the projection optical system PL, as 
recited in Japanese Unexamined Patent Application, 
First Publication No. H8-330224 (U.S. Patent No. 
5,874.820). 

[0233] As described above, the exposure apparatus 
EX of the present application embodiment is manufac- 
tured by assembling various subsystems, including the 
respective constituent elements presented in the Scope 
of Patents Claims of the present application, so that the 
prescribed mechanical precision, electrical precision and 
optical precision can be maintained. To ensure these re- 
spective precisions, perfomned before and after this as- 
sembly are adjustments for achieving optical precision 
with respect to the various optical systems, adjustments 
for achieving mechanical precision with respect to the 
various mechanical systems, and adjustments for 
achieving electrical precision with respect to the various 
electrical systems. The process of assembly from the 
various subsystems to the exposure apparatus includes 
mechanical connections, electrical circuit wiring connec- 
tions, air pressure circuit piping connections, etc. among 
the various subsystems. Obviously, before the process 
of assembly from these various subsystems to the expo- 
sure apparatus, there are the processes of individual as- 
sembly of the respective subsystems. When the process 
of assembly to the exposure apparatuses of the various 
subsystems has ended, overall assembly is performed, 
and the various precisions are ensured for the exposure 
apparatus as a whole. Note that it is preferable that the 
manufacture of the exposure apparatus be perfomned In 
a clean room in which the temperature, the degree of 
cleanliness, etc. are controlled. 

[0234] As shown in FIG. 38, microdevices such as 
semiconductor devices are manufactured by going 
through; a step 201 that performs microdevice function 
and performance design, a step 202 that creates the 
mask (reticle) based on this design step, a step 203 that 
manufactures the substrate that is the device base ma- 
terial, a step 204 including a process that exposes the 
pattern on the mask onto a substrate by means of the 
exposure apparatus EX of the aforementioned embodi- 
ments, a device assembly step (including a dicing proc- 
ess, a bonding process, and a packaging process) 205, 
and an inspection step 206, and so on. 



Clainns 

1. An exposure apparatus for emitting exposure light 
onto a substrate via a projection optical system to 
expose the substrate, wherein 



the projection optical system comprises a first optical 
element that is closest to an image plane of the pro- 
jection optical system and a second optical element 
that is closest to the image plane next to the first 

5 optical element, and 

the exposure apparatus comprises a collection port 
that is provided at a position higher than a lower sur- 
face of the second optical element and that recovers 
a liquid held In a space between an upper surface 

10 of the first optical element and the lower surface of 
the second optical element. 

2. The exposure apparatus according to Claim 1, fur- 
ther comprising a nozzle member provided so as to 
15 enclose a side surface of the second optical element, 

wherein 

the collection port is provided at a position facing the 
side surface of the nozzle member. 

20 3, The exposure apparatus according to Claim 2, fur- 
ther comprising a supply outlet that supplies a liquid 
to the space, wherein 

the supply outlet Is provided at the nozzle member. 

25 4. The exposure apparatus according to Claim 2 or 3, 
wherein the nozzle membercomprises a holding por- 
tion that holds the first optical element by vacuum 
attraction. 

30 5, The exposure apparatus according to Claim 4, 
wherein the nozzle member comprises a lower sur- 
face facing a region on the upper surface of the first 
optical element, the region being different from a re- 
gion through which the exposure light passes, and 

35 the holding portion is provided on the lower surface 
of the nozzle member. 

6, The exposure apparatus according to any one of 
Claims 1 to 5, further comprising a control mecha- 

40 nism that controls circulation of a liquid between the 
space and a space outside the space. 

7. The exposure apparatus according to Claim 6, 
wherein the second optical element comprises a first 

45 surface facing an upper surface of a nozzle member, 
and the sealing member is provided between the up- 
per surface of the nozzle member and the first sur- 
face. 

50 8. The exposure apparatus according to Claim 7, 
wherein a recess portion that holds a liquid leaking 
from the space is provided on the upper surface of 
the nozzle member and outside the sealing member. 

55 9, The exposure apparatus according to any one of 
Claims 1 to 8, further comprising a detector that de- 
tects whether a liquid has leaked from the space. 
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10. The exposure apparatus according to Claim 9, 
wherein the detector is provided on the upper surface 
of the nozzle member. 

1 1 . The exposure apparatus according to Claim 9 or 1 0, 
wherein the detector comprises an optical fiber. 

12. The exposure apparatus according to any one of 
Claims 1 to 11 ,furthercomprising a supporting mem- 
ber that supports the first optical element, wherein 
a hole that discharges a liquid in the space is fonned 
in the supporting member. 

13. The exposure apparatus according to Claim 12, 
wherein the supporting member has a second sur- 
face that is lower than the upper surface of the first 
optical element, and the hole is provided on the sec- 
ond surface. 

14. The exposure apparatus according to Claim 12 or 
1 3, further comprising a gas supply system that sup- 
plies a gas to the space when a liquid is discharged 
from the hole. 

15. An exposure apparatus for emitting exposure light 
onto a substrate via a projection optical system to 
expose the substrate, wherein 

the projection optical system comprises a first optical 
element that is closest to an image plane of the pro- 
jection optical system and a second optical element 
that is closest to the image plane next to the first 
optical element, 

the exposure apparatus comprises a nozzle member 
that is disposed in an annular shape so as to enclose 
the second optical element and that has at least one 
of a liquid supply outlet and a liquid collection port 
thatfoHDS an immersion region of liquid between the 
first optical element and the second optical element, 
and 

the nozzle member comprises a holding portion that 
holds the first optical element by vacuum attraction. 

16. An exposure apparatus for emitting exposure light 
onto a substrate via a projection optical system to 
expose the substrate, wherein 

the projection optical system comprises a first optical 
element that is closest to an image plane of the pro- 
jection optical system and a second optical element 
that is closest to the image plane next to the first 
optical element, and 

the exposure apparatus comprises an immersion 
mechanism that fonns an immersion region of a liq- 
uid in a space between the first optical element and 
the second optical element; and 
a detectorthat detects whetherthe liquid has leaked 
from the space. 

17. The exposure apparatus according to Claim 16, 



wherein the detector comprises an optical fiber. 

18. An exposure apparatus for emitting exposure light 
onto a substrate via a projection optical system to 

5 expose the substrate, comprising: 

an immersion mechanism that forms an immer- 
sion region of a liquid on an upper surface of a 
predetermined optical element from among a 

10 plurality of optical elements constituting the pro- 

jection optical system, wherein 
a discharge outlet that discharges the liquid from 
the immersion region is provided in a supporting 
member holding the predetermined optical ele- 

15 ment. 

19. The exposure apparatus according to Claim 18, 
wherein the supporting member holds an optical el- 
ement disposed at a position closest to an image 

20 plane of the projection optical system. 

20. The exposure apparatus according to Claim 18 or 
1 9, Wherein the discharge outlet is provided at a po- 
sition lower than the upper surface of the predeter- 

25 mined optical element. 

21. The exposure apparatus according to any one of 
Claims 1 8 to 20, further comprising a gas supply sys- 
tem that supplies a gas to the upper surface of the 

30 predetermined optical element when a liquid is dis- 
charged from the discharge outlet. 

22. The exposure apparatus according to Claim 21, 
wherein 

35 the immersion mechanism comprises at least one of 
a supply outlet that supplies a liquid to the upper 
surface of the predetennined optical element and a 
collection port that recovers the liquid, and 
the gas supply system supplies a gas from at least 

40 one of the supply outlet and the collection port. 

23. The exposure apparatus according to Claim 21 or 
22, wherein the gas supply system comprises a gas 
port provided at the supporting member. 

45 

24. An exposure apparatus for emitting exposure light 
onto a substrate via a first optical element to expose 
the substrate, comprising: 

50 a supply outlet that supplies a liquid to an upper 

surface side of the first optical element such that 
a predetermined region on the upper surface of 
the first optical element forms an immersion re- 
gion, the exposure light passing through the pre- 
ss detemriined region; and 

a frame member that has a support portion that 
supports an outer circumferential portion of the 
first optical element and encloses the first optical 
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element, wherein 

the liquid supplied to the upper surface side of 
the first optical element is discharged from be- 
tween the first optical element and the frame 
member. 

25. The exposure apparatus according to Claim 24, 
wherein the liquid is discharged via a discharge out- 
let fonned between the first optical element and the 
frame member. 

26. The exposure apparatus according to Claim 24 or 
25, wherein the discharge outlet has a cut portion 
provided at at least one of an outer marginal portion 
of the first optical element and an inner marginal por- 
tion of the frame member. 

27. The exposure apparatus according to any one of 
Claims 24 to 26, wherein the supply outlet is provided 
outside the predetermined region. 

28. The exposure apparatus according to any one of 
Claims 24 to 27, wherein the discharge outlet is pro- 
vided at a position away from the supply outlet with 
respect to the predetemiined region. 

29. The exposure apparatus according to any one of 
Claims 25 to 28, f urthercomprising acollection mem- 
ber that collects a liquid discharged from the dis- 
charge outlet. 

30. The exposure apparatus according to Claim 29, fur- 
ther comprising a suction apparatus that suction-re- 
covers the liquid collected by the collection member. 

31. The exposure apparatus according to any one of 
Claims 24 to 30, further comprising a collection port 
that is provided at a position higher than the prede- 
temiined region and that recovers the liquid. 

32. The exposure apparatus according to Claim 31, 
wherein the collection port is provided adjacent to 
the discharge outlet. 

33. The exposure apparatus according to Claim 31 or 
32, wherein the collection port is provided on the 
opposite side of the predetermined region from the 
supply outlet. 

34. The exposure apparatus according to any one of 
Claims 24 to 33, further comprising a second optical 
element having a lower surface facing the upper sur- 
face of the first optical element, wherein 

the liquid is held between the upper surface of the 
first optical element and the lower surtace of the sec- 
ond optical element. 

35. The exposure apparatus according to Claim 34, fur- 



ther comprising a projection optical system through 
which the exposure light passes, wherein 
the first optical element is provided at a position clos- 
est to an image plane of the projection optical sys- 
5 tern, and 

the second optical element Is provided at a position 
closest to the image plane next to the first optical 
element. 

10 36, A device manufacturing method, wherein the expo- 
sure apparatus according to any one of Claims 1 to 
35 is used. 
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